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Abstract 
In response to animal welfare concerns surrounding the confinement of sows, the 
Australian pig industry made the voluntary commitment to group house all sows as of 2017.  As 
the industry changes, so too does the requirement for welfare assessment tools.  This study 
tested the application of Qualitative Behavioural Assessment (QBA) as a method of assessing sow 
welfare under commercial piggery conditions.  Video footage was collected of sows at the point of 
mixing into group pens of different design.  The behavioural expression of these sows was 
compared using QBA to investigate changes in qualitative behavioural expression over time, 
assess the effect of housing conditions and parity, the relationship with reproductive success, as 
well as comparing application of two QBA methodologies.  Footage was also analysed 
quantitatively to identify changes in activity budgets over time for comparison with QBA scores.  
In the first 10 minutes after mixing into groups with free-access feeding stalls, sows were more 
‘active/agitated’ and there was more investigative behaviour compared with 60 minutes after 
mixing, when sows were more ‘bored/calm’ and spent more time lying down.  When mixed into 
pens with a concrete partition, sows were described as more ‘calm/relaxed’, walked less, and laid 
down sooner, compared to sows in open pens (who were more ‘aggressive/tense’).  There was no 
relationship found between the QBA scores of individual sows at mixing and their reproductive 
success during that parity.  When moved into mixed-parity groups, parity 2 sows were described 
as more ‘curious/interested’, parity 4 sows were more ‘anxious/upset’ and parity 6 sows were 
more ‘calm/subdued’.  During the first feeding cycle in pens with an electronic sow feeder (ESF), 
sows were more ‘interested/alert’ in the early and the late stages of the 24-hour cycle and the 
demeanour of sows was more ‘relaxed/calm’ and there was less activity around the feeder after 7 
days post-mixing compared to sows at their first feed as a group. When the same sows were re-
penned 6 weeks post mating, they were more ‘bored/submissive’, investigated the feeder more 
and lay around the feeder less compared with the same sows at mixing. Comparing Fixed Lists (FL) 
and Free Choice Profiling (FCP), both methods showed significant inter-observer reliability, 
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demonstrating that, regardless of whether they are given a fixed list of descriptive terms (FL) or 
are allowed to generate their own (FCP), observers score sow behaviour in a similar way.  This 
study found that QBA is an effective tool in not only detecting changes in behavioural expression 
over time, but also demonstrated that it is applicable in an industry setting for comparing housing 
options.  Both the FL and FCP approach to assessing the qualitative behavioural expression of 
sows could be applied under commercial piggery conditions.   
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1 General Introduction: 
 Understanding the welfare of breeding sows in Australia 1.1
Increased public concern regarding the housing of sows in sow stalls (also referred to as 
gestation crates) has led the Australian pig industry to become proactive in executing significant 
changes in the way that sows are housed.  In 2009, the Australian pig industry's peak 
representative body, Australian Pork Limited, announced that as of 2017, all sows will be group 
housed as of 5 days post-mating (where mating refers to the last service or insemination).  Sows 
will remain loose housed until one week before the expected farrow date, resulting in gestating 
sows being group housed for approximately 105 days.  As such, Australian producers have 
proactively been converting and modifying individual accommodation into group pens of various 
designs. 
There are additional challenges and welfare issues associated with the implementation of 
group housing systems for sows.  There is a negative impact on a sow’s reproductive performance 
compared to individual housing (McGlone et al., 2004b).  Installing or retro-fitting group pens into 
the confines of existing infrastructure can create challenges in providing sufficient space per sow.  
Insufficient space allowance can be the cause of high skin lesions and leg injuries that may be 
inflicted not only by an insufficient space to escape an agonistic interaction, but by making 
contact with pen fittings or stepping on one another (Harris et al., 2006).  Floor quality in group 
pens is also important to the welfare of sows, as poor floor quality can result in an increase in 
injury to sows hind limbs (Barnett et al., 2001; Spoolder et al., 2009).  Flooring may become 
slippery thus causing an increase in lameness and issues with hygiene (Gjein and Larssen, 1995). 
The provision of flooring substrates in an attempt to mitigate some welfare problems is not 
always possible for financial, logistical and biosecurity reasons.  In addition, there is often tension 
between animal welfare and the economic basis for animal production (Williams, 2010), as the 
transition to group housing systems may incur considerable financial cost in changes to 
infrastructure as well as the training of staff.   
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Several challenges arise when assessing the welfare of animals as there is no single 
measure that can account for every facet of an animals’ well-being, rather there is a plethora of 
physiological, behavioural and biochemical measures (Dawkins, 1990; 2004). However, the 
problem comes when trying to integrate these measurements into a simple and applicable 
instrument (Dawkins, 2004).  Animal welfare assessment has traditionally focused on 
physiological and behavioural indicators.  The issue with measures such as these is that physiology 
can be expensive and time consuming, while collecting samples can be invasive and may not 
necessarily reflect or match the physiological response time.  Traditional behavioural ethogram-
type measures are also time consuming, can be subjective in execution and interpretation, and do 
not necessarily reflect the emotional state or experience of an animal.  For example, quantifying 
social licking (Rousing and Wemelsfelder, 2006), counting the number of vocalisations (Rutherford 
et al., 2012) or measuring flight speed (Napolitano et al., 2012).  As such, a practical approach to 
the assessment of animal welfare that provides rapid feedback about an animals’ welfare status 
in real time, is reliable, repeatable and robust in a number of on-farm contexts is needed.   
Qualitative Behavioural Assessment (QBA) has been recognised as an applicable tool to 
assess the quality of life of animals and has been validated against several physiological measures 
of welfare including core body temperature, heart rate, and leukogram in cattle (Stockman et al., 
2011) and sheep (Wickham et al.,2012).  Since undergoing several validation studies in various 
species, a practical application of QBA to sows under several commercial group housing 
conditions is justified in order to begin to address questions relevant to the Australian pig industry 
as they transition into group housing.   
 General aims 1.2
The aim of this thesis is to compare sow behaviour when exposed to different housing 
conditions using a variety of behavioural tools, including QBA.  I will use time-budgets to evaluate 
the behaviour of sows over time after mixing and apply QBA to relevant time points.  In addition, 
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time budget data will be correlated with the QBA scores in order to identify if there is a 
relationship between a sow’s activity and their behavioural expression.  
 Thesis Outline 1.3
Chapter 2 is a literature review that covers the basic concepts of animal welfare, the 
evolving concept of positive welfare states, the relationship between animal welfare and the 
modern agricultural industries, group housing of sows, different feeding systems and finally 
information about QBA.   
Chapter 3 outlines the general methods and approach of this study, including a description 
of the farms on which this study was carried out, their general management practices and pig 
breed used.  Chapter 3 also includes a full description of the QBA method. 
This thesis consists six experimental chapters. 
Chapter 4 is the first of the experimental chapters and examines the change in behavioural 
expression of sows over the first 60 minutes after mixing into groups with free-access feeding 
stalls and directly compares the behavioural expression of sows at 10 and 60 minutes post mixing 
using QBA.  
Chapter 5 examines the different responses of sows upon mixing into two different pen 
designs, an open pen compared to a pen with a concrete partition.  
Chapter 6 examines the changes in behaviour of sows around an Electronic Sow Feeder at 4 
different time points during gestation including mixing, 7 days post-mixing, re-penning and 7 days 
post re-penning.  This chapter also employs QBA to examine the changes in behavioural 
expression of sows at three time points during the sows first feed as a group (mixing), at mixing 
vs. 7 days post-mixing and re-penning.  
Chapter 7 evaluates the behaviour of sows on an individual level within a group in order to 
determine if there are differences in the behavioural expression of sows of different parity.  
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Chapter 8 investigated the relationship between the behavioural expression at mixing and 
the reproductive success of individual sows.  
Chapter 9 compares and contrasts two QBA methodologies:  free-choice profiling (FCP) and 
fixed-lists (FL).   
The final chapter is a general discussion, which brings the results of the experimental 
studies together and addresses general questions around the management of breeder piggeries. 
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2 Literature review 
 What is animal welfare? 2.1
The concept of animal welfare is an ethical consideration but also has economic, scientific 
and political roots (Lund et al., 2006).  Animal welfare differs from animal rights, as it does not 
take into account the ‘higher moral status’ of the animal, rather seeks to reduce the suffering of 
animals (Centner, 2010).  The term animal welfare is used increasingly in science, legislation, and 
discussion about the treatment of all animals (Broom, 2011) as well as in retail marketing 
campaigns, such as the Coles ‘Sow Stall Free’ products (Appendix 1).  
In 1789, the philosopher Bentham stated that the key question about animals is not can 
they talk or reason, but can they suffer?  Animal welfare science, as it stands today, began to 
change with the publication of Ruth Harrison’s book Animal Machines in 1964, which suggested 
that those working in the industry saw living animals as inanimate machines rather than sentient 
individuals who can suffer.  As a consequence of Harrison’s publication, the United Kingdom 
government commissioned a review in 1965, chaired by Professor F. Rodgers Brambell.  Arguably, 
the Brambell Report was the beginning of the legitimisation of animal welfare as a science.  It 
stated:  
“Welfare is a wide term that embraces both the physical and the mental wellbeing of the animal.  
Any attempt to evaluate welfare, therefore, must take into account the scientific evidence available 
concerning the feelings of animals that can be derived from their structure and function and also 
from their behaviour” (Brambell Report, 1965).   
One of the committee members of the Brambell Committee was W.H. Thorpe, an 
ethologist from Cambridge University, who had the view that animals had needs on a biological 
basis and needed to express particular behaviour (Broom, 2011).  This view gave light to what 
became known as the Five Freedoms concept by the UK Farm Animal Welfare Council in 1975 
(Anonymous, 2009), which remains the fundamental basis for many animal welfare guidelines 
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today (Centner, 2010).  The Five Freedoms state that animals should be free from hunger and 
thirst, free from discomfort, free from pain, injury and disease, free to express normal behaviour, 
and free from fear and distress (e.g. Yeates and Main, 2008; Broom, 2011).  However, this list of 
freedoms simply provides a guideline for non-welfare specialists (Broom, 2011) rather than a 
definition of animal welfare.   
There are several approaches and attempts to define animal welfare.  A simplistic definition 
might be “how an animal feels now” (Hemsworth et al., 2015 p. 24).  Duncan and Fraser (1997) 
suggest “different conceptions of animal welfare used by scientists reflect different value 
positions on what constitutes a good quality of life…” (Duncan and Fraser, 1997 p.30).  They also 
suggest that there are three major approaches to the study of animal welfare: 
1. Feelings-based approach: defines welfare in terms of the subjective experiences 
(feelings or emotion) and serves to minimise negative emotion (pain, anguish, 
suffering) and the promotion of feeling well (Duncan and Fraser, 1997; Rhodes et 
al., 2005).  Dawkins (1990) states that animal welfare involves the subjective 
feelings of animals and therefore they can feel and suffer pain.  Dawkins has 
developed and simplified this theory further, suggesting that the only question 
worth asking is whether animals are healthy and their wants are provided for 
(Dawkins, 2004). 
2. Function-based approach:  By the 1980s, it was accepted that animals face 
challenges from their environment, including pathogens, injury, attacks or threats 
of attack, social stressors or lack of stimulation (Broom, 2011).  ‘Stress’ implies a 
disruption to homeostasis that provides a challenge to the animal’s wellbeing and 
causes a reduction in its fitness (Fraser and Broom, 1990; Broom and Johnson, 
1993).  Barnett and Hemsworth (1990) define animal welfare in terms of the ability 
to cope physiologically.   
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3. Nature of the species (also referred to as ‘naturalness’): Fraser et al. (1997) and 
Fraser (2008) believe that animals should be able to lead reasonably natural lives, 
and, therefore, an understanding of the needs of an animal becomes very 
important.  Good welfare under this approach means that a state of harmony exists 
between an animal and its environment (Désiré et al., 2002).  In modern systems, it 
is generally accepted that the environment provided to animals does not 
necessarily have to be the same environment as the wild.   
If all of these approaches are combined together, a universal definition of animal welfare 
involves accounting for the physical and mental aspects of animals, and acknowledging animals as 
sentient with the ability to, not only to suffer, but also have positive emotional experiences.   
 Negative and positive states of animal welfare 2.2
Like all scientific disciplines, the science of animal welfare has continued to evolve over the 
past 35 years (Green and Mellor, 2011).  Society’s values have shaped how livestock has been 
treated in the past (Hodges, 2005) and research into animal welfare and sentience have followed 
suit.  The contextual thinking associated with past animal welfare research, therefore, reflected 
the focus of identifying what was wrong and finding out how to fix it.  In the past, the main focus 
of animal research was associated with health and production problems in livestock, such as 
nutrition, disease and environmental management, all of which lead to greater understanding 
that indirectly improved the lives of animals though better health (Mellor, 2013).  As time went 
on, scientific ideas associated with animal welfare, well-being and affective state grew, and 
animal welfare emerged as a legitimate science of its own (Mellor, 2013).   
The Five Freedoms concept mostly describe the avoidance of a negative welfare experience 
(Yeates and Main, 2008).  Moreover, Broom’s widely accepted definition of animal welfare, 
“animal welfare as the state of an animal in its attempts to cope with its environment” (Broom, 
1986 p.524) does not explicitly value a positive experience; indeed, the word ‘coping’ suggests 
struggling with an adversity.  The measurement of a negative state of welfare is arguably easier to 
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determine as it may cause a measurable disturbance to an animals physiology (stress hormones) 
(Paul et al., 2005), impact negatively on reproductive performance or make an animal more 
susceptible to disease (Phillips, 2008; Mellor, 2012).  For example, poor physical health is often 
quantified, perhaps by scoring how an animal walks or identifying the number of injuries it has 
obtained.  A more holistic approach to animal welfare that includes, not only negative aspects of 
welfare but also positive ones, is the next logical step in the development of animal welfare 
science.  
Welfare over a long period is sometimes referred to as Quality of Life (QoL) (Broom, 2011).  
This complex concept captures the quality of an animal’s experience with its environment over 
time and in different contexts (Wemelsfelder, 2007), and in many ways reflects the ‘welfare 
status’ of an animal (Mellor, 2013).  The scaling of QoL (Table 2.1) is somewhat in the 
developmental stage and has its roots in theoretical and philosophical texts (Mellor, 2013).  There 
is an increasing tendency to account for positive welfare states in animals (Yeates and Main, 
2008; Mellor, 2012; Keeling et al., 2013), with consumers showing increasing concern and interest 
in how animals are raised, and wanting them to have a good QoL.  In Britain, The Farm Animal 
Welfare Council (FAWC, 2009) suggests that welfare standards should ensure that animals in 
agricultural systems have a ‘life worth living’ and that systems should strive towards a ‘good life’.  
These concepts all highlight the importance of positive experiences or ‘good welfare’ 
(Wemelsfelder and Mullan, 2014) and show an evolution in thought and how we, as a society and 
scientific discipline, value an animal’s experience of its life.  Developing measures of the ‘good 
life’, however, remains a challenge.   
Much like the definition of welfare itself, the concept of a positive welfare state is 
multifaceted.  A positive welfare state is not as simple as an ‘absence of fear’ or avoiding a 
negative experience (Boissy et al., 2007; Keeling et al., 2013), rather refers to an animal’s positive 
emotions (Boissy et al., 2007), an animal’s ‘wants’ (Dawkins, 2006) or may consider if an animal is 
happy in its existence (Webster, 2005).  The aim of achieving positive states of welfare is often 
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instinctively included in many husbandry decisions where an animal’s wants, likes and quality of 
life are taken into account (Yeates and Main, 2008).   
Table 2.1: The Quality of Life scale defining the different categories in terms of the experience of 
positive and negative experiences that animals may have (Mellor, 2013).  
Category General Description 
A good life The balance of salient positive and negative 
experience is strongly positive. Achieved by full 
compliance with best practice advice well above 
the minimum requirements of codes of practice 
of welfare 
A life worth living The balance of salient positive and negative 
experience is favourable but less so. Achieved by 
full compliance with the minimum requirements 
of code of practice or welfare 
Point of balance The neutral point where salient positive and 
negative experiences are equally balanced 
A life worth avoiding The balance of salient positive and negative 
experiences is unfavourable, but can be 
remedied rapidly by veterinary treatment or a 
change in husbandry practices 
A life not worth living The balance of salient positive and negative 
experience is strongly negative and cannot be 
remedied rapidly so that euthanasia is the only 
humane alternative 
 
The measurement of positive welfare states is challenging, as an animal cannot verbally 
communicate its emotive state like humans, and welfare status is therefore inferred from 
behavioural and, increasingly neurological markers.  Recent studies suggest that neuroscience and 
psychology frameworks associated with an animal’s cognitive process can identify positive state in 
animals (Boissy et al., 2007; Mendl et al, 2009; Mellor, 2012) and will provide physiological 
markers for positive affective state in the future. A review by Valentino and Van Bockstaele (2015) 
reported that in humans, there is recognition of endogenous neuromodulators that have 
opposing actions and/or stem the stress response systems.  The authors suggest that these ‘anti-
stress’ neuromodulators provide alternatives to the pathological consequences of the stress 
response.  Although promising, the current scientific understandings of neurological approaches 
in animals like those described by Boissy et al. (2007) and Mellor (2012) remain small and are not 
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yet well enough understood to be applied with certainty to animal welfare assessment 
(Wemelsfelder and Mullen, 2014).  
Behavioural indicators of positive welfare states in animals have been more thoroughly 
investigated than neurological markers.  Yeates and Main (2008) summarised the types of 
behaviour that are more likely to be performed when an animal is in a positive state of welfare.  
For example play behaviour is considered a positive experience for animals since it rarely occurs 
in animals in a poor state of welfare (Fraser and Duncan, 1998; Spinka et al., 2001).  Rats emit 
‘chirps’ of happiness when they encounter something pleasant (Panksepp, 2000), while purring in 
cats and bleating in sheep are other examples of vocalisations that infer a pleasurable state and 
hence positive welfare state (Knutson et al., 2002).  Play and vocalisations are therefore identified 
as manifestations of positive affect and are useful in the assessment of positive states of welfare 
in the lack of verified physiological markers (Yeates and Main, 2008).   
 The use of behaviour as a welfare measurement 2.3
Animal welfare is the expression of not only the subjective experience of the animal in its 
surroundings, but their behavioural responses can be reflective of the range of emotion they 
exhibit (Danzer, 2002; Désiré et al., 2002).  Désiré et al. (2002) describes an emotion as an intense 
affective response to an event, which has a physical, visceral, and endochronic component (Paul 
et al., 2005; Frijda, 2009; Murphy et al., 2014). Murphy et al. (2014) describes behaviour as 
response to emotion; in other words the behavioural component of emotion stimulates an animal 
to react in a certain way.  Particular behaviours often occur alongside particular emotional states 
(Paul et al., 2005).  For example, approach and avoidance behaviour can be used to gauge how 
unpleasant or pleasant a stimulus is, whilst freezing or attacking an object may be reflective of an 
emotional response toward that object (Paul et al., 2005).  Although emotion in animals cannot 
be directly measured, there are informative and indirect behavioural measurements that can be 
used to interpret an animal’s response (Hemsworth et al., 2015).  The measurement of emotive 
and the corresponding behavioural response of animals is an expanding field of research.   
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Assessment of behaviour offers a non-intrusive measure of welfare status that can be 
directly relevant to animal welfare assessment.  Behaviour is a manifestation of the physiological 
state and the decision making process of an animal, and is therefore indicative of its needs and 
preferences (Petherick and Rushen, 1997; Dawkins, 2004).  Behaviour is considered to be ‘all that 
an animal does in reaction to its environment’, and is a consequence of a range of factors, 
including motivation, emotion, cognition, reflexes, and modal action patterns (Toates, 2004; Paul 
et al., 2005).  Behavioural assessments are arguably the most useful tool available to stockpeople 
and therefore a sound understanding of the motivations driving behaviour is imperative.   
Behaviour can be an indicator of short-term reductions in welfare, for example, 
disturbance, conflict, fear or distress (Mench and Mason, 1997).  How an animal behaves is also 
used as an assessment of pain, e.g. altered posture or moving away from a painful stimulus 
(Fitzpatrick et al., 2006; Rutherford, 2002).  Broom (2011) suggests that some behavioural 
assessments are also suitable measurement of long-term situation (e.g. evaluating housing 
conditions) as opposed to short-term measures such as heart rate or cortisol measure, which are 
appropriate for short-term situations like handling or transport.   
There are a number of behavioural tests that are employed to test the emotive responses 
of pigs.  An open field test (OFT) was first used in pigs by Beilharz and Cox (1967a).  The test is 
designed to assess the level of fear in an unfamiliar environment by recording movement, 
exploration, escape behaviour and vocalizations.  The OFT has also been used for assessing group 
responses (Ruis et al., 2001; Magnani et al., 2012).  Novel object tests (NOT) are also designed to 
assess fear and anxiety in pigs, where latency to avoid or approach the object is measured, and 
have been employed to study the effect of feed restriction on exploratory behaviour (Barnes et 
al., 1979), or to compare anxiety in pigs housed in different barren vs. enriched environments 
(e.g. de Jong et al., 1998).  Human interaction tests (HIT) have been employed by Hemsworth et 
al. (1981) to evaluate stock-personship and handling techniques.  The HIT tests the latency of 
approach or withdrawal from a human.  Cognitive bias tests (CBT) measure the effect of mood on 
  23 
judgments, decision-making and attention (Murphy et al., 2014) and are based on the assumption 
that mood corresponds with cognitive process.  Pigs are trained to associate specific cues with 
positive or negative outcomes, followed by an ambiguous cue that evokes an emotive response 
and thus measures judgment bias.  This has been used to test the effect of housing types and has 
shown that sows in enriched housing showed a more positive judgment response to the 
ambiguous cue (Douglas et al., 2012).  Murphy et al. (2014) concludes that without such tests for 
measuring positive emotional responses in pigs, their welfare needs cannot be accurately 
assessed.   
Sow preference for group housing features was investigated by Kirkden and Pajor (2006) 
and motivation tests to investigate sow hunger by Bergeron et al. (2002).  These few studies in 
pigs that have employed preference or motivational tests in order to determine resources or 
behaviour are important to group housed sows, as well as which provide ‘relief’ from negative 
affects or ‘benefit’ from increasing the positive affects (Hemsworth et al., 2015; Mellor, 2012).   
 Qualitative Behavioural Assessment (QBA) 2.4
Good stockpeople or managers use behaviour as a guide to the health or welfare of the 
animals in their care (Mench and Mason, 1997) but they may not use a direct measurement of the 
activity of the animal; rather their experience in interpreting the demeanour of the animal tells 
them.  Stockpeople make judgement calls on a daily basis, yet there are few ways to formally 
apply this to the science of animal welfare (Wemelsfelder, 2007).   
Qualitative Behavioural Assessment (QBA) is the human scoring of an animal’s behavioural 
expression (body language).  QBA is based on the integration of information that would otherwise 
be disregarded in quantitative approaches including, the context of the action, subtle posture 
changes and incidental behaviours.  QBA may be a good indicator of an animal’s welfare state as it 
integrates behavioural information over an extended time period (Wemelsfelder 1997; 
Wemelsfelder et al., 2000; Wemelsfelder, 2007).  QBA allows the use of descriptors that have 
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expressive connotations of the animal, for example ‘calm’, ‘anxious’, ‘excited’ or ‘agitated’ which 
are reflective of how an animal is experiencing their environment (Wemelsfelder and Lawrence, 
2001) and therefore is reflective of their state of welfare.   
Animal behavioural assessments focus mostly on what the animal does (for example, lying 
on stomach, getting up, vocalising, etc.) but these measurements are not designed from the 
animal’s perspective.  In other words the number of times a pig stomps its foot or shakes its head 
tell us nothing about why it is performing that action.  What is important is how actions are 
performed, as it is indicative of an animal’s affective state.  QBA measurements are designed to 
not only describe what the animal is doing but how they are doing it (behavioural expression), 
giving an indication of ‘what-it's-like-to-be’ an animal, hence a reflection of their quality of life 
(Wemelsfelder, 1997; 2007).  QBA can disclose the diversities of animal emotion in an expressive 
way that describes the demeanour of individuals as well as groups of animals and is reflective of 
the animal’s experience with the situation they find themselves in.   
The assessment of an animal’s quality of life in a welfare context is often an emotive one 
and therefore requires a judgement; this judgement can be vulnerable to bias stemming from the 
observer's beliefs, interpretations and experiences.  Some critics may dismiss QBA as 
anthropomorphic.  However, the statistical analysis involved in QBA sorts terms into a relative 
rank between individual viewers and groups.  Wemelsfelder et al. (2012) further addressed the 
concern over observer-related bias by studying the interobserver and intraobserver reliability of 
QBA assessments of three observer groups selected specifically for their different backgrounds 
and beliefs.  Wemelsfelder et al. (2012) reported that pig farmers, veterinarians and animal 
activists, not only had significant consensus among the group but also between the groups 
(Wemelsfelder et al., 2012).  The empirical nature of QBA within the anthropomorphism debate 
was thus supported (Wemelsfelder et al., 2012).  In addition, reviews by Meagher (2009) and 
Whitham and Weilebnowski (2009) concluded that such judgements were no less statistically 
valid than other measures.   
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A potential weakness of QBA is its sensitivity to contextual bias. An observer may look at a 
pig in an outdoor setting vs. an intensive indoor setting and inherently make a bias judgement 
that the pig must be ‘happier’ outdoors.  Wemelsfelder et al. (2009) investigated how influential 
this contextual bias could be in pigs by filming growing pigs on a neutral background then 
projecting the same footage onto an enriched outdoor and a barren indoor background setting.  
The results indicated that there was some sensitivity to contextual bias, but perceived 
environmental background was not likely to significantly distort the characterisation of the pigs' 
behaviour, thus not weakening the reliability of QBA.   
QBA has been validated against other indicators of welfare and is currently the only 
measure of positive welfare currently employed in the Welfare Quality protocol (Keeling et al., 
2013).  Using animal-based behavioural indicators such as QBA is integral for integrative welfare 
assessment (Blokhuis et al., 2010) as it is a measure that is saying something about the animals’ 
welfare, state of mind and ultimately, quality of life.   
 Welfare challenges of group housing: a pig perspective 2.5
An ever-increasing population over the last century has increased the demand for animal 
pig products.  The small faamily farm of the past have evolved into single species intensive farms, 
where the animal and the product they produce is the centre of the operation.  This type of 
specialisation and intensification allows the maximum number of animals to be produced for the 
lowest possible price.  Pigs are a perfect example of such a shift and as a result, where it has 
become standard practice in intensive systems to confine sows in gestation stall.  A gestation stall 
is a type of individual housing that prevents sows from interacting with other sows in a negative 
way.  This was originally introduced to utilise available space, reduce aggression between sows 
and monitor feed intake.  However gestation stalls have raised concerns about the well-being and 
quality of life of confined animals (Centner, 2010).  
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Animal welfare has established itself as an important selection criterion for people 
describing whether an animal production system is sustainable and acceptable (Broom, 2011).  
Public attitudes would expect that there is an obligation for the producers (as well as the 
processors and governing bodies) to provide the animal with a good quality of life, i.e. good 
welfare at all stages of production, whether it is housing, transport, mating, gestation, growing or 
slaughter. 
Several countries throughout the western world now have restrictions on how long sows 
can be kept in gestation stalls.  In 2013, the European Union phased out the use of crates after 
the 4th week of pregnancy.  The UK has had a total ban on crates in place since 1999.  Several 
states in the US have also banned gestation stalls, including Florida, Arizona, California and Rhode 
Island, and they are currently being phased out in Colorado, Maine, Michigan, Ohio and Oregon.  
New Zealand will ban sow stalls completely in 2015.  In Australia, the pig industry has made a 
voluntary commitment to eliminate the individual housing of sows and gilts.  As of 2017, all 
Australian sows (and gilts) will be mixed into group housing from 5 days post-mating, where 
mating refers to the last service (Australian Pork Limited, N.D.) (Appendix 2).   
The transition to group housing is somewhat a contentious issue that has high capital, 
production and animal welfare costs.  There is often tension between animal welfare and the 
economic basis for animal production (Williams, 2010) as the transition to group housing systems 
may incur considerable financial cost in changes to infrastructure as well as the training of staff.  It 
is for this reason that the practice of retrofitting group pens into spaces where there was 
previously individual accommodation is popular in Australia.  However this practice can place 
limitations on the design of group pens, which can in turn produce different production and 
welfare outcomes.   
The intention of the phase out is to improve the welfare of the sows by allowing them to 
perform behaviour that would not be possible when confined to a crate.  However with group 
housing sows come new challenges and several welfare issues of its own that can influence 
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physiological, reproductive and behavioural parameters (Mendl et al., 1992; Simmins, 1993; 
Gonyou, 2003; Anil et al., 2006; Hoy et al., 2009).  The direct comparisons of different group 
housing designs for pregnant sows are few compared to the substantial amount of literature 
addressing the impact of individual vs. group housing (Spoolder et al., 2009).  Generally, most 
studies have found that there is a negative impact on a sow’s reproductive performance for 
groups compared to individual housing (Kongsted, 2006).  However, in general McGlone et al. 
(2004b) concluded that well managed pen systems produced similar states of welfare in terms of 
physiology, health and performance.   
Different space allowances impact on the adverse consequences of aggression, although 
consensus on the ideal minimum allowance is yet to be reached.  Insufficient space allowance can 
be the cause of high skin lesions and leg injuries that may be inflicted not only by an insufficient 
space to escape an agonistic interaction, but by making contact with pen fittings or stepping on 
one another (Harris et al., 2006).  Weng et al. (1998) recommended between 2.4-3.6m2 per 
animal where as a review by Barnett et al. (2001) recommends between 1.4-1.8m2.  However 
Barnett et al. (2001) also suggest that an allowance of 3m2 per sow had better reproductive 
results compared to 2m2.  Spoolder et al. (2009) points out that these space recommendations 
should not be generalised to different group sizes, feeding systems or pen design features.  
Hemsworth et al. (2013) also concluded that it is not possible to provide an exact guidance to 
appropriate space allowance at mixing, as there are many factors that implant on welfare at this 
time.  
The type and quality of the floor of the group pen is an important consideration in group 
housing.  Poor floor quality can result in an increase in injury to sow's hind limbs (Barnett et al., 
2001; Spoolder et al., 2009) as floors may become slippery (causing hygiene issues) thus causing 
an increase in lameness and issues with hygiene (Gjein and Larssen, 1995) or slats may break, 
causing sharp edges.  Spoolder et al. (2009) recommends the provision of a flooring substrate 
after Heinonen et al. (2006) report fewer hoof lesions in sows kept on straw or deep litter 
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bedding compared to sows on concrete and slatted floors.  Although the provision of bedding 
does not reduce the incidence of aggression (Andersen et al., 1999; Barnett et al., 2001), it does 
provide a better ‘grip’ during the interaction and therefore a reduction in the number of injuries 
and abnormal gait scores.  Bedding also promotes the expression of exploratory behaviour by 
sows, an important consideration when providing sows with an environment that encourages 
natural behaviour.   
There are also different types of feeding systems that can impact on levels of competition 
and aggression (Spoolder et al., 2009).  These are broadly classified as simultaneous and 
sequential feeding systems.  Simultaneous feeding systems are characterised by a once or twice-
day feeding event in which all sows are fed at the same time.  These options allow either 
individual intake, equal or average intake in sows (Gonyou, 2003).  Sequential feeding systems 
allow individual intake throughout a feeding cycle.  Individual intake is provided by electronic sow 
feeders or stall feeders, equal intake by trickle feeding and average intake by drop feeding 
(depositing feed directly onto the floor of a group pen).  The level of protection offered to a sow 
during these events is crucial to reduce competition (Spoolder et al., 2009), and so many systems 
offer barriers or feeding stalls of different lengths to separate feeding spaces (Andersen, 1999).  
The issue with sequential feeding systems is that the small amount of feed provided to the 
individual sows is not enough to satiate the animal (Lawrence and Illuis, 1989) and some sows 
may continue to revisit the feeder and attempt to get more food.  Spoolder et al. (2009) suggests 
that programming sequential feeders not to deliver feed rewards for sows who have already fed 
is crucial to the success of the feeding system.  
Research into group housing has, in general, found that welfare states amongst different 
group housing designs are comparable (McGlone et al., 2004b).  Group housing systems represent 
a collection if individual challenges that can impact on the welfare of sows.  Measures of 
reproductive performance, health, physiology and behaviour all address various issues associated 
with different group housing designs.  Therefore, a multi-disciplinary approach is needed in order 
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to evaluate the efficiency of these different group-housing systems (McGlone et al., 2004b; 
Munsterhjelm et al., 2008).  By directly employing more than one measure of welfare at a time, 
we can form a greater understanding of the dynamic nature of group housing in relation to sow 
welfare.   
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3  General Methods 
 Study sites 3.1
This study was carried out at two commercial breeder sites in Western Australia.  The 
participating company requested anonymity, therefore farms will be referred to as Farm 1 and 
Farm 2.   
Farm 1 is a 1,200 sow breeding unit made up of parity 1-9 sows.  At the time the study, the 
farm was in a state of transition as they were removing the back of a large number of gestation 
stalls in their dry/mating shed to create a communal space with access to the feeders via body 
length stalls.  However, the rest of the farm had had group housing pens for several years.  Sows 
were moved into these pens at 5 days after their last service into group of n=10.  After 3 weeks, 
these sows there moved again into larger pens of approximately n=30 where they were floor fed 
until 1 week prior to the expected farrow date.   
Farm 2 is a 1200 sow breeding herd made up of parity 0-8 sows.  All gilts were housed 
separately in order to be trained to use the electronic sow feeders (ESF).  Sows are mixed into 
groups of n=50-60 5 days after their last service.  Approximately 6 weeks after the first mixing, 
sows are moved into a different (identical) pen, closer to the farrowing unit, until approximately 1 
week prior to their expected farrow date.   
 Study animals 3.2
Three breeds of pig (Sus scrofa domesticus) were housed at the commercial facility where 
this study was carried out.   
Pure breed Landrace is originally a Danish breed, which was first imported into Australia in 
1958 (NSW DPI, 2005).  Careful and strict genetic selection has given the pigs white skin, good 
ham development, improved meat quality, rapid growth and high-weaning weights.  However, 
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the breed is prone to leg weakness, splay legs and nervous disorders (NSW DPI, 2005a).  Landrace 
are commonly crossbred with the Large-White pigs.   
The Large White breed was domesticated in England in the 1700’s and was first brought to 
Australia in 1925 (DPI, 2005b).  They have white skin, a big frame, long legs, but poor ham 
development.  This breed is considered hardier and more tolerant of a range of environmental 
conditions than other breeds, has large litters, prolific milk production and strong maternal 
instinct.  For this reason they are commonly used in cross-breeding programs.   
The Duroc is a stocky breed that was introduced into Australia in 1922 in order to provide a 
third terminal sire in cross-breeding programs (DPI 2005c).  Due to their hardy nature, Duroc is 
common in outdoor breeding programs.  The Duroc is a large-framed pig with dark skin and a 
heavy carcass composition.  This breed tends to have lower fecundity and some lines also 
experience conformation problems in the hips or shoulders (DPI 2005c).  When crossed with 
Large-White/Landrace, the offspring are suitable for the bacon trade.   
 Qualitative Behavioural Assessment methods and statistical analysis 3.3
Observers participated in this study on a voluntary basis and were recruited by advertising 
on notice boards throughout Murdoch University.  Appendix 3 shows the information handout 
that was provided to all the QBA observers.   
Free Choice Profiling (FCP) methodology was employed for all experimental chapters in this 
thesis.  The FCP methodology allows observers to generate their own descriptive terms of an 
animals body language (Wemelsfelder and Lawrence, 2001).  By allowing an individual to describe 
behaviour in a way that is meaningful to them, the bias associated with assigning descriptors is 
eliminated (Rousing and Wemelsfelder, 2006).  Behaviour is then scored on a visual analogue 
scale against the observer’s own terms.  FCP has shown high repeatability amongst observers 
viewing pigs (Wemelsfelder et al., 2001), cattle (Stockman et al., 2011), veal calves (Wemelsfelder 
et al., 2008), dairy cows (Rousing and Wemelsfelder, 2006), buffalo (Napolitano et al., 2012), 
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horses (Napolotano et al., 2008; Minero et al., 2009; Fleming et al., 2013), dogs (Walker et al., 
2010), sheep (Wemelsfelder and Farish, 2004; Wickham et al., 2012; Phythian et al; 2013; 
Stockman et al., 2013) and poultry (Wemelsfelder, 2007).   
The first session that volunteers were asked to attend is a term generation session.  
Observers are shown a set of 12-21 video clips (approximately 1-minute in duration).  These clips 
were chosen specifically to demonstrate a range of different behaviour from 
busy/active/aggressive behaviour to mellow/lethargic/calm behaviour.  Observers could use as 
many or as few terms as they felt fully described the behaviour.  
Any negative terms were changed to the positive version of the word e.g. 'unhappy’ was 
changed to ‘happy’.  Descriptions such as hungry, sick, terms that described movement rather 
than demeanour (e.g. walking, sitting) were left out.  Terms were then sorted by alphabetical 
order in order to effectively randomise the list.  All terms were then put into an Excel spreadsheet 
where they were placed next to a visual analogue scale.  
In subsequent sessions, experimental footage was presented to the observers along with 
the excel scoring sheets.  Observers were instructed to score every term on a visual analogue 
scale ranging from minimum to maximum according to how strongly they perceived the 
behaviour to be demonstrated in each clip.  Each term was scored once per clip.   
TERM 1……….Min____________________________________x________Max 
TERM 2……….Min_____x_______________________________________Max 
The Excel spread sheet generated an observer score matrix for the number of clips in the 
session (rows) and the number of terms used by the observer (columns).  Generalised Procrustes 
Analysis (GPA) was used to analyse the observer matrices using a software program specially 
designed for Françoise Wemelsfelder (GenStat, 2008).  GPA computes the Procrustes statistic, 
which indicates how well individual observer configurations fit the consensus profile (the 
percentage of variation explained between observers). The ‘best fit’ profile that captures the level 
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of consensus between observers by identifying how the terms are used by the observers to score 
the pigs.  The GPA assesses each observer matrix as a multidimensional configuration with as 
many dimensions as terms and the position of each of the pigs defined by these scores.  Through a 
complex process of transformation, rotation, scaling and translation, the observer matrices are 
matched together to develop a consensus profile.  
In order to determine the significance of the Procrustes Statistic a randomisation test is 
performed.  The randomisation test uses 100 iterations of the data in a randomised form and 
calculates an average consensus statistic from these randomised data sets.  The significance of 
the Procrustes Statistic is then compared against the randomised data by one-way t-test.   
The next step is making the interpretation of the consensus profile possible by reducing the 
number of dimensions using principle components analysis (PCA).  The PCA also determines the 
how much of the variation is explained by each axis.  The terms that the observers used to score 
the sows are plotted along each of the axes depending on how strongly they correlate (negatively 
or positively) with each GPA dimension.    All terms for each observer that score highly were 
listed.  These terms were identified by calculating >75% of the highest absolute correlation 
coefficient value for that dimension (Mardia et al., 1979) and the frequency that the terms was 
used was counted.   
All GPA scores for each dimension were tested for normal distribution by Shapiro-Wilks 
test.  If the data were not normally distributed, the scores were BoxCox-transformed to conform 
to the requirements of parametric statistics, confirmed by Levene’s and Shapiro-Wilk tests.  A 
one-way ANOVA was then performed to test for the effect of treatment.  If no effect of treatment 
was identified, a post-hoc mixed-Model ANOVA on all of the observer’s GPA scores was 
undertaken in order to establish if there was an effect of treatment with observer score taken 
into account.   
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 Abstract 4.1
From 2017 Australian pig farmers will mix all of their sows into group housing 5 days after 
the last mating.  We examined the behaviour of sows mixed at this time into groups featuring 
free-access feeding stalls.  Continuous video footage was recorded for 10 groups of n=10 sows for 
the first 90 minutes after moving the sows into the group pens.  Footage was later analysed for 
quantitative ethogram-based assessment (scan counts) as well as Qualitative Behavioural 
Assessment (QBA).  Most aggression was evident 10-20 minutes post-mixing.  The sows became 
less active over time, and the proportion of sows lying was highest 60-70 minutes post-mixing.  
Footage from these two time points was compared by QBA to determine if there was a 
measurable difference in the behavioural expression of the sows over time.  Eighteen observers 
viewed the 20 video clips and scored them using a free choice profiling (FCP) methodology.  
62.69% of the variability in scoring was explained by observer consensus.  Sows were scored as 
more active, agitated and aggressive at 10-20 minutes post-mixing and as more bored, calm and 
content at 60-70 minutes post-mixing.  In conclusion, not only were there significant changes in 
the type of behaviour performed over time, we were able to measure the changes in body 
language over time using QBA.  This information may be useful in identifying potential housing 
designs by identifying how quickly the animals adjust to their new environment over time.  The 
significant changes in the body language and activity over the small time window also highlights 
the importance of identifying appropriate time points for conducting behavioural assessments.  
 
Keywords: Sow housing, behaviour, qualitative behavioural assessment 
 
 
  37 
 Introduction: 4.2
Pigs are highly social animals; group housing therefore allows them to interact with other 
animals and exhibit social behaviour that cannot be fulfilled under individual housing.  
Unfortunately, part of this social interaction is the formation of hierarchies and competition for 
resources (i.e. food, space), and therefore group housing will inevitably lead to aggression, stress 
and potential injury (Beilharz and Cox 1967, Centner 2010).  Mixing of sows into unfamiliar groups 
where they will need to establish their place in the pecking order is, therefore, often marked by 
increased aggression.   
The establishment of a stable social hierarchy in sows takes between around 2-7 days 
(Meese and Ewbank, 1973; Arey, 1999; Krauss and Hoy 2011), although most aggression occurs 
on the first day (Meese and Ewbank, 1973).  Mount and Seabrook (1993) and Symoens and Van 
Den Brande (1969) found that the overall level and intensity of agonistic interactions had 
subsided after the first 60 minutes post-mixing into groups.  Similarly, Barnett et al. (1992) found 
that there was reduced aggression over 90 minutes post-mixing.  Although this is a narrow time 
window in the scheme of the total time that sows spend in gestational housing, the first hour 
post-mixing is considered critical in terms of the risk of injury and is therefore important from a 
welfare point of view (Mount and Seabrook, 1993). 
Many researchers have studied and reported aggression post-mixing (Arey and Edwards, 
1998; Rhodes et al., 2005; Chapinal et al., 2010a, 2010b).  However, aggression is only one aspect 
of post-mixing behaviour, and we know little about the frequency of other (not necessarily 
negative behaviour) happening in the first 90 minutes after mixing unfamiliar sows into groups.  
There is an increasing shift to consider positive states of welfare (Mellor, 2012) and therefore 
broadening measures of welfare beyond aggression, injury scores and physiology is important.  
Additionally, the majority of mixing studies use sows that are 28-35 days pregnant, while the new 
Australian industry standards will recommend 5 days post-mating as the time for movement to 
group housing.   
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The objective of this study was to measure the frequency of behaviour sows performed 
over the first 90-minutes post mixing for groups of sows that were moved from individual housing 
into groups with free-access feeding stalls.  We quantified investigation, movement (walking, 
sitting, lying) and aggression. From this, we will determine an appropriate time point within the 
first 90-minutes to perform a QBA.  We also recorded the behavioural expression of these sows to 
compare their body language early and late in the first hour post mixing. In addition, the activity 
profiles of the sows in the same video clips will be with the QBA scores.  It is expected that not 
only will the activity change over time, but so will the behavioural expression. It is also expected 
that there will be correlations between the quantitative and qualitative scores.   
 Materials and methods 4.3
4.3.1 Animals and housing, collection of video footage 
Ten groups of n=10 mixed parity 1-9 sows were housed at a commercial piggery in Western 
Australia.  Each sow was randomly assigned into her group 5 days post-mating (by piggery staff).  
All sow tag numbers and parity were recorded, although due to the nature of the recoding system 
at the piggery, we were unable to determine whether any of the sows had been housed together 
previously. 
Each of the 10 group pens was retrofitted from old mating/gestation stalls.  The group pens 
were 1.6 x 0.55 m (length x width) in dimension and an overall space allocation of ~1.8m2 per sow 
(figure 4.1).  Each pen had 10 free-access feeding stalls, which had a solid concrete floor.  The 
common area was made up of slatted concrete flooring. Water was provided ad libitum (in the 
stalls) via a trough that ran the length of the pen, and food was deposited on the floor in each of 
the stalls by an automatic feeder once a day (no food was provided at the time of video 
recording).   
Continuous video footage was collected using a Panasonic camcorder (SDR-H250, Belrose, 
NSW, Australia).  The camera was mounted high in the corner of the pen so that the common 
  39 
slatted area was within the field of view and above the pigs’ reach.  Video footage was collected 
for at least 90 minutes from the time of mixing. 
4.3.2 Quantitative analysis 
Scan sampling of the continuous footage was carried out.  The proportion of pigs 
performing each of seven behavioural categories (Table 4.1) was recorded over 30 seconds at 1-
minute intervals.  The time points were averaged over 10-minute time intervals and the 
proportion of sows performing each behaviour transformed using an arcsine square root 
transformation.  To compare each behaviour, proportion data were analysed using a mixed-model 
ANOVA (Statistica, StatSoft Inc, 2001) with behaviour as a random factor, time (10 minute 
interval) as a fixed factor, and the transformed proportion data for each of the eight behavioural 
categories as the dependant variables.  Post-hoc repeated-measures ANOVA were also performed 
to compare individual behavioural categories.   
4.3.3 Qualitative Behavioural Analysis (QBA) 
QBA is measure of behavioural expression of animals and is a tool used to detect the subtle 
changes and expression of the animal in a dynamic and expressive way that describes not what 
and animal does, rather how an animal is behaving (Wemelsfelder et al., 2000; 2001; Rousing and 
Wemelsfelder, 2006).  QBA asks human observers to integrate perceived details of behaviour (eg. 
excited, bold, timid, calm) and has shown to have significant agreement between observers 
assessing the behavioural expression of animals (Wemelsfelder et al., 2000; 2001).  QBA is an 
effective measure of pig behaviour.  Previous studies have examined QBA under various 
experimental (Wemelsfelder et al., 2000; 2001; 2012; Rutherford et al., 2012) and on farm 
(Temple et al., 2011a; 2011b) contexts.   
Analyses of the time budget data (results) from the continuous footage indicated that the 
greatest difference in activity patterns was evident at the 10-20 and 60-70 minute post-mixing 
time points.  Video clips of approximately 1-minute duration were selected from all 10 groups for 
these two time periouds (20 video clips in total).  Video clips were edited from the continuous 
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footage from a random time point within these time windows using Adobe Premier Pro CS3 and 
Adobe After Effects (Chatswood, NSW, Australia).  The only selection criteria applied was that we 
avoided footage where staff were in the picture (as they passed along adjacent corridors).  Video 
footage where an adjacent pen was visible were edited by placing a mask over the adjacent pen 
to prevent distracting the observers’ view. 
All observers participated in the study on a voluntary basis.  18 observers (3 male 17%, and 
15 female 87%) were recruited by advertising on notice boards around Murdoch University.  Each 
observer was provided with an information sheet describing QBA instructions.  Three observers 
were postgraduate students in the animal and veterinary science fields and the remaining 15 
were undergraduates in either veterinary or animal science studies.  Only one observer had a 
specific interest or experience in pigs. 
Free Choice Profiling (FCP) methodology is described in detail by Wemelsfelder et al. 
(2001). The observers had previously undertaken a term generation session whereby they were 
shown specifically chosen video clips (selected from the continuous footage) that showed a wide 
range of expressive behaviour of pigs.  For example animals may have been performing more 
subdued expressions while lying or standing for example or active expressions, like those during a 
fight.  The observers were allowed to generate their own descriptive terms to describe how they 
felt the pigs in the group were behaving in terms of their body language.  They had specific 
instruction to look at all members of the group and asked to describe all of the pig's behavioural 
expressions (for example if one animal was lying down but another was pacing around, they were 
to describe the expressive qualitiaties of the behaviour of both animals and not the physical 
behaviour per se).  The second phase of the FCP is where the observers were shown 20 video clips 
of the sows at 10 and 60 minutes post-mixing. These video clips were in a random order. The 
observers were then asked to score the behaviour of the sows on a visual analogue scale 
arranging from 0=minimum to 100=maximum.  Every term was quantified for each of the 20 clips.  
Observers were not informed of the treatments applied to the pigs in the video clips.  
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The scores developed for each of the clips by the observers was then analysed using a 
Generalised Procrustes Analysis (GPA).  This is a statistical technique that does not rely on fixed 
variables, but identifies common patterns amongst the observers’ unique sets of descriptive 
terms (Rousing and Wemelsfelder, 2006).  The observer scores generated were analysed using a 
specialised statistical program (GENSTAT 2008, VSN International, Hemel Hempstead, 
Hertfordshire, UK).  A detailed description of all GPA procedures is outlined in Wemelsfelder et al. 
(2000; 2001). 
The GPA calculates a consensus profile, or ‘best fit’ profile between observer scores by 
transforming the data and identifying complex patterns.  The Procrustes Statistic quantifies the 
percentage of variation between observers explained by the consensus profile.  Using a t-test, the 
significance of this statistic is tested against a randomised data set to determine a 95% confidence 
interval.   
Subsequently, the number of dimensions of the consensus profile is reduced by a Principle 
Component Analysis (PCA).  The next stage of the analysis involves attributing semantic 
connotations to the consensus profile using the terms generated by the observers.  The terms 
that each observer used to score the behavioural expression are correlated with each of the GPA 
dimensions and word lists produced for those terms that showed the strongest correlations (r) 
with each GPA dimension.  These terms were identified by calculating >75% of the highest 
absolute correlation coefficient value for that dimension (Mardia et al., 1979) which was r>0.7 
for GPA dimension 1 and r>0.5 for GPA dimension 2.  The number of observers that used each 
term was counted. 
Each of the video clips was also assigned a score on each GPA dimension.  To compare the 
GPA scores, a repeated-measures ANOVA (Statistica, StatSoft Inc, 2001) was carried out, with the 
scores for each group at the two time points compared as repeated measures.  
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4.3.4 The relationship between quantitative time-budgets and QBA scores 
In addition to the quantification of the behaviour over the first 90 minutes post-mixing, a 
time budget was developed for the activity evident in each of the 20 video clips that were shown 
to the observers.  We counted the frequency of each of the behavioural categories (Table 4.1) 
over the duration of the 1- minute video clip to produce a more representative analysis of 
behaviour that was directly relevant to what the observers actually saw.  We compared the two 
sets of data using a Spearman Rank Order correlation. 
 Results: 4.4
4.4.1 Quantification of the behaviour: 
Repeated-measures ANOVA indicated significant differences in the amount of time 
allocated to each behaviour category (F5,9 =111.5, P< 0.001).  The most common behaviour was 
‘standing’, which made up 46% of the total behaviour scored across all scan time points.  The next 
most frequent behaviour was lying (28%), followed by investigation (19%).  Aggression made up 
only 3% of the total observations over 90 minutes.  Sitting (1%) and walking (3 %) were the least 
observed behaviour categories (Figure 4.2).   
There was also a significant effect of time (F5,9= 5.1, P<0.001) and time x behaviour 
interaction (F5,9=13.7, P <0.001) (Table 4.2) which indicates that there is a shift in behavioural 
patterns over time.  When each of the behavioural categories was examined individually with a 
post hoc repeated-measures ANOVA, there were significant changes in lying (F9,72=21.0, P= 
<0.001), standing (F9,72=11.3, P <0.001), investigative behaviour (F9,72=5.8, P <0.001), walking 
(F9,72=3.1, P= 0.032) and aggression (F9,72=2.6997, P =0.010) over time.  The only behaviour that 
did not show a significant change over time was sitting (Table 4.3).  
Most of the activity (including investigating, walking and aggressive interactions) occurred 
in the first 60 minutes post-mixing.  Standing and investigating the surroundings was common for 
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the earliest time points, but after 60 minutes post-mixing, most animals were lying down (Figure 
4.3).  Most of the aggression occurred between 10-20 minutes post-mixing. 
4.4.2 Qualitative Behavioural Assessment 
A total of 160 terms were developed by the 18 observers.  The GPA consensus profile 
explained 62.69% of variation among the 18 observers and this varied significantly from the mean 
randomised consensus profile (t99=94.69; P=0.001).  The GPA dimensions 1 and 2 explained 57.9% 
and 14.1% of the variation respectively. 
The most frequently used terms for GPA dimension 1 were active, aggressive, agitated and 
tense on low end of the scale and calm, relaxed and sleepy on the high end.  Most common terms 
for GPA dimension 2 were sleepy, lazy and tired on the low end and active, curious and interested 
on the high other end of the axis.  Table 4.4 gives a full list of all the terms generated for the first 
two GPA dimensions.  
There were significant differences in behavioural expression of sows filmed at 10 and 60 
minutes post-mixing on GPA dimension 1 (F1,9= 6.72; P=0.029) and GPA dimension 2 (F1,9=10.57; 
P=0.010).  Positions of each group at 10 and 60 minutes post-mixing on the two GPA dimensions 
are shown in Figure 4.4.  Sows at 10 minutes post-mixing were scored as more active, aggressive, 
tense, interested and curious, whereas sows at 60 minutes post-mixing were scored as more 
bored, calm, relaxed, lazy and tired.   
4.4.3 The relationship between quantitative and qualitative behaviour 
There were no significant correlations between the QBA scores for dimensions 1 and 2 with 
any of the behaviour performed in the video clips (Table 4.4).   
 Discussion 4.5
We found that most activity happens immediately upon mixing of unfamiliar sows, but the 
frequency of aggression, investigation, and standing decreased rapidly and the number of animals 
lying down increased over the first 90 minutes post-mixing.  Sows also showed a marked change 
  44 
in their demeanour, being scored as more active, aggressive, tense, interested and curious for the 
initial observations (10-20 minutes post-mixing), but more bored, calm, relaxed, lazy and tired at 
60 minutes post-mixing.  These are positive observations, since they suggest rapid adjustment by 
these sows to being in a group.   
The time of mixing is an important consideration (Van Wettere et al., 2008).  Since 5 days 
post-mating is the ideal time to mix sows according to the new Australian industry standard 
(Australian Pork Limited, N.D.), and Australian pork producers will be working towards this timing 
in terms of their changes to group housing sows.  We were unable to find published studies that 
have specifically examined behaviour of sows at mixing into groups at 5 days post-mating.  The 
majority of mixing studies use sows that are 28-35 days pregnant.  This difference in time frames 
must be kept in mind when comparing between studies. 
Only 3% of our total interactions in the 90 minutes post-mixing were classed as aggressive, 
which we consider to be a low frequency.  In addition, the frequency of aggressive interactions 
also decreased over time.   Barnett et al. (1992) also showed that there was a decrease in 
aggression over the first 90 minutes post-mixing in groups with partial stalls.  Mount and 
Seabrook (1993) reported that the intensity and frequency of aggressive interactions between 
sows declined after the first 20 minutes post-mixing.  It is difficult to directly compare actual 
conflict numbers between studies as there are many factors which can influence the level of 
aggression, including space allowance, the presence of food or a boar, and housing design 
(Spoolder et al., 2009).   
Another factor which may have influenced the observed level of aggression in the present 
study levels is the familiarity of the sows in the groups.  Arey (1999) found that sows that were 
previously in the same gestational group had fewer aggressive encounters when they were mixed 
after 4 weeks of separation compared with longer periods of separation.  We could not track the 
life-long records of group housing for the sows included in our study, and therefore do not know 
which sows had been previously housed together.  We do note, however, that this particular farm 
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had only recently (<6 months) moved to group housing all of its sows in this particular shed, and 
therefore (given gestation cycle length), there is only a very low chance that these particular 
individuals had previously been housed together.   
A major finding from this study was that QBA observers who were blinded to the 
experimental treatment were able to distinguish the body language of the same groups of sows at 
10 and 60 minutes post-mixing into groups.  Observation of Iberian pigs in intensive and extensive 
systems using QBA also found that there was a treatment difference, with pigs in extensive 
systems reflecting a more positive state (Temple et al., 2011a).  Rutherford et al. (2012) 
demonstrated that QBA could detect pigs that had been treated with the neuroleptic drug 
Azaperone, with pigs treated with the drug associated with more positive terms.  The authors 
suggest that QBA is effective in the assessment of emotionality in pigs.  Similarly, the present 
study also suggests that the emotionality of sows changes over the first 60 minutes post-mixing.  
This study has highlighted the importance of identifying appropriate intervals to assess behaviour. 
There were no significant correlations between the QBA scores and the quantitative 
behaviour scores for the 1 minute clips.  This was an unexpected result as previous studies have 
found correlations between aspects of quantitative behavioural scoring and QBA scores (e.g. 
Rousing and Wemelsfelder 2006; Napolitano et al. 2012; Minero et al., 2009; Morgan et al., 2014; 
Stockman et al., 2014; Lau et al., in review).  It is possible that the types of behaviour categories 
assessed in this study may have also been too broad and therefore not representative of the 
entire repertoire of activity in the clips.  This finding highlights the dynamic nature of group 
activity.  A group is not a sum of individuals, rather a ‘unit’ where the behaviour of an individual is 
influencing the behavioural expression of others around it.  QBA is assessing not only the actions 
of the group but also the reactions of the group as a unit.  The difference in the QBA scores over 
at 10 and 60 minutes post-mixing suggests a biological difference in the demeanour of the 
animals but the 1 minute clip is too brief to adequately capture the quantitative behaviour 
adequately.  In addition, other studies comparing QBA and quantitative behaviour record the 
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duration of the behaviour in addition to the frequency.  It is possible that if not only the frequency 
of the behaviour been calculated, but also the duration, that meaningful correlations may have 
been found.   
 Conclusion:  4.6
 In conclusion, this study shows that sow behaviour at the point of mixing is dynamic; 
therefore the point in time that behavioural measures of the effects of mixing on sow welfare are 
recorded is an important consideration.  The behavioural changes at mixing are reflected in their 
body language, which may provide an additional tool to inform welfare assessment.  Both 
quantitative and qualitative behavioural assessments can therefore make a substantial 
contribution to our understanding of the responses of sows at mixing.  
 Acknowledgements: 4.7
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 Tables and Figures 4.8
Table 4.1: Criteria for defining behaviours of sows at mixing. 
 
 Description Data handling 
lying (group or stall) Sternal or lateral 
recumbence  
recorded separately, later 
pooled due to low 
frequency of occurrence 
sitting Backside on ground with 
head up 
recorded separately 
standing (group or stall)  Standing only, no 
interaction with 
environment or other 
animals 
recorded separately, later 
pooled due to low 
frequency of occurrence 
walking  Moving across the pen or 
from one stall to another. 
No interaction with other 
animals 
recorded separately 
investigating  Animals sniffing or licking 
the pen or another animal 
recorded separately 
sitting Animal perched in dog-like 
sit 
recorded separately 
aggression (biting 
neck/face/flank/tail, belly 
nosing) 
 
Agonistic encounter with 
other animals resulting in 
confrontation and/or 
avoidance behaviour 
each of these was scored 
separately later pooled due 
to low frequency of 
occurrence 
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Table 4.3: The results of repeated-measures ANOVA examining the effect of behaviour and time 
on the quantified behaviour of sows upon mixing into group pens with free-access feeding stalls. 
 
 
df F p 
Behaviour 5 115.5 <0.001 
Time 9 5.1 <0.001 
Behaviour x Time interaction 45 13.7 <0.001 
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Table 4.3: The results of post hoc repeated measures ANOVA examining the effect of each of the 
behaviour measured over time 
 
Behaviour F P 
Lying 21.0 <0.001 
Standing 11.3 <0.001 
Sitting 1.9 0.064 
Walking 3.1 0.003 
Investigating 5.8 <0.001 
Aggression 2.7 0.009 
  50 
Table 4.4: Terms used by observers to describe behaviour after mixing for Qualitative Behavioural 
Assessment.  Terms showing the highest negative and positive correlation with GPA dimensions 1 
and 2 of the consensus profile.   
 
Low Values High Values 
GPA dimension 1 (57.9%) 
Aggressive (9), Active (6), Agitated (4), Tense 
(4), Annoyed (3), Anxious (3), Frustrated (3), 
Impatient (3), Aggravated (2), Alert, Angry (2), 
Competitive, Defensive (2), Disruptive, 
Dominant, Frightened, Grumpy, Hostile, 
Intimidated, Irritated, Nervous, On edge, 
Playful, Pushy, Restless, Stressed, Territorial, 
Uneasy, Unsettled, Wary 
 
Calm (8), Relaxed (7), Bored, Sleepy (3), 
Content (2), Quiet (2), Chilled, Comfortable , 
Satisfied, Tired, Unphased 
Correlation¥ ns 
GPA dimension 2 (14.1%)  
Sleepy (6), Lazy (3), Tired (3), Aggressive, Calm, 
Exhausted, Inactive, , Quiet, Relaxed, Sick, 
Uncomfortable, Upset, Wary 
 
Active (3), Curious (2), Interested (2), Confused, 
Excited, Playful, Satisfied, Self-Entertained 
Correlation¥ ns 
 
Representative terms for each behavioural dimension were identified by calculating >75% of the 
highest absolute correlation coefficient value for that dimension (Mardia et al., 1979) which was 
r>0.7 for GPA dimension 1 and r>0.5 for GPA dimension 2.  The number of observers to use that 
term (if used more than once) is indicated in parenthesis. 
¥ ns not significant. There were no correlations recorded for GPA dimensions 1 or 2 with any of 
the behaviour scored.   
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Figure 4.1: Pen dimensions and layout where n=10 sows were mixed into a group. 
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Figure 4.2: The total percentage of each of the behaviour performed in the first 90 min post-
mixing. 
 
0
10
20
30
40
50
60
70
80
90
100
1
A
ve
ra
ge
 p
ro
p
o
rt
io
n
 o
f 
so
w
s 
p
e
rf
o
m
in
g 
e
ac
h
 
b
e
h
av
io
u
r 
(%
) 
Aggression
Standing
Investigating
Walking
Sitting
Lying
  53 
 
Figure 4.3: The proportion of sows performing each of the behavioural categories over the first 90 min post-mixing into group pens with free access feeding stalls  
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Figure 4.4: Positions of groups 1-10 at 10-20 min post-mixing (open circles) and 60-70 min post-
mixing (closed circles) on GPA dimensions 1 and 2. 
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 Abstract 5.1
The first 60 minutes after unfamiliar sows are mixed into group housing is considered 
important in terms of their welfare due to high levels of aggression.  The design of the pen that 
the sows are mixed into can influence their behaviour and therefore housing design has 
significant welfare implications.  This investigation assessed the impact that the presence of a 
simple concrete partition has on the behaviour of sows at the point to mixing into a group pen 
using quantitative scoring and Qualitative Behavioural Assessment (QBA).  Ten groups of n=15-18 
sows were mixed into pens that included a concrete partition (a short wall, 2 m long and 1.6 m 
high) and their behaviour compared with ten groups of sows mixed into similar open pens with no 
partition.  Sows were video recorded for 60 minutes post-mixing and from the footage, a 
behavioural catalogue for eight behavioural categories (i.e. time budgets) was developed.  Sows in 
pens with the partition showed more investigative and avoidance behaviour, less walking and 
standing, and lay down sooner compared to sows in pens without the partition, however these 
results were not statistically significant.  The difference in investigative behaviour was significant 
at 50-60 minutes post-mixing and therefore this time point was selected to compare behavioural 
expression of the sows using QBA.  17 observers developed their own descriptive terms (free 
choice profiling methodology) to score 19 video clips of sows from the two pen designs.  There 
was significant inter-observer reliability, with 60.02% of the variation in their scoring explained by 
the consensus profile.  Sows in pens with a partition were scored as more ‘calm/relaxed’ 
compared with sows in pens without a partition, which were scored as more ‘aggressive/tense’.  
Time budgets were also developed for the 1- minute video clips.  There were significant 
correlations between the time budgets from the video clips and behavioural expression scores for 
the same clips, with animals described as more ‘aggressive/tense’ (GPA dimension 1) also showed 
more walking, aggression, and avoidance, but less lying.  The sows described as more 
‘sleepy/bored’ (GPA dimension 2) showed more lying and sitting.  This is the first time that a QBA 
has been used on a group level to differentiate between sow group housing designs, and shows 
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that even a subtle difference in housing design can make a significant difference in the 
demeanour and activity patterns of sows.   
Keywords: Sow housing, behaviour, qualitative behavioural assessment, welfare, Generalised 
Procrustes Analysis (GPA), QBA 
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 Introduction 5.2
The transition from individual- to group-housing of gestating sows will require several 
Australian pig producers to make infrastructure changes to their facilities in order to conform to 
the new standards.  As the 2017 voluntary deadline approaches, practical assessments of sow 
welfare are needed so that producers can decide which group housing designs may be suitable for 
them and also optimise the welfare outcomes for the sows. There are countless options when it 
comes to group housing as far as pen design, feeding method, flooring type etc.  A major 
consideration when planning a transition away from individual housing is the pen design.  As well 
as economic and logistic considerations, selecting pen designs should prioritise those that 
maximise animal welfare outcomes. 
It is an expectation of group housing that sows are able to interact with each other and 
perform their natural behaviour (Gonyou, 2001).  When sows are group-housed, however, there 
is the inevitable risk of increased aggression and potential stress and injury (Barnett et al., 2001; 
Salak-Johnson et al., 2007; Spoolder et al., 2009).  Sows are social animals and much of the 
aggression surrounds competition for a resource (e.g. food or space) or instinctual establishment 
of a social hierarchy (Beilharz and Cox, 1967b, Petherick & Blackshaw, 1987).  The establishment 
of a stable hierarchy and the aggression associated with mixing is minimised over the first few 
days (Barnett et al., 1992; Chapinal et al., 2010a; Krauss and Hoy, 2011), but immediately after 
mixing, substantial welfare issues can arise.   
Previous studies have shown that the features of a group pen can significantly impact the 
welfare of sows (Barnett et al., 1992; 2001; Broom et al., 1995; Spoolder et al., 2009; Rhodes et 
al., 2005), and therefore details of pen design need to be carefully considered.  One example of a 
pen addition is the installation of visual barriers (e.g. Marchant-Forde and Marchant-Forde, 2005), 
which have shown varying results on pig behaviour.  Olesen et al. (1996) found that there was no 
difference in the frequency of aggressive behaviour in weaner pigs housed in partition and no 
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partition pens.  However, Luescher et al. (1990) found that there was reduced activity in groups of 
sows housed in pens with partitions.   
A direct comparison of the activity profile of sows in the first hour of mixing into pens with 
and without a partition has not been undertaken.  The first hour of mixing into groups is 
considered important in terms of welfare.  Mount and Seabrook (1993) and Symoens and Van 
Den Brande (1969) found that the overall level and intensity of agonistic interactions had 
subsided in the first 60 minutes post-mixing into groups.  Similarly, Barnett et al. (1992) found 
that there was reduced aggression over 90 minutes post-mixing.  However the behaviour of 
animals is dynamic, and made up of many behaviours that are not necessarily associated with 
negative welfare states.  Such behaviour has not been thoroughtly investigated.  
The understanding of behaviour at mixing may be important to assist producers as there is 
a growing need for practical information regarding the possible impacts of different group 
housing systems on the behaviour and welfare of gestating sows (Seguin et al., 2006).  The aim of 
this study was to compare the behaviour of sows mixed into pens that either had or did not have 
a visual barrier.  We developed a profile (time budget) of sow behaviour and predicted more 
positive behaviour (i.e. fewer aggressive interactions, more lying and investigation behaviour) in 
the presence of the partition.  We also compared the behavioural expression of sows (using 
Qualitative Behavioural Assessment; QBA) and predicted more positive behavioural expression for 
sows mixed into pens with a visual partition.   
 Materials and Methods: 5.3
5.3.1 Animals and housing 
Sows were mixed parity (Large White, Landrace and Large White x Landrace).  All were 
approximately 28 d post mating and were randomly assigned into groups by piggery staff.  Sow 
tag numbers were recorded.  Each pen was approximately 25.1m2 and had solid concrete flooring 
(including a drain running down the back of the pens).  Water was provided ad libitum from 
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drinkers and sows were drop-fed by a suspended automatic feeder onto the centre of the floor.  
Feeding did not take place during the filming period; however a small amount of feed was 
deposited on the floor prior to the sows entering so that they would not leave the pen while 
other sows were being moved in.  
5.3.2 Experimental design and collection of video footage 
Groups of 15 to 18 sows were mixed into either a group pen with ‘No Partition’ or 
‘Partition’.  The partition was a solid concrete wall protruding from the back barrier which was 
1.6m high and approximately 2m long (Figure 5.1).  Sows were walked from the ‘dry sow’ shed 
where they had been previously housed in groups of n=10 for approximately 3 weeks.  All 
attempts to keep the sow stall groups together were made to minimise disruption to group 
dynamics.  Unfortunately, due to the nature of the recording system at the piggery, we were 
unable to track which animals had been housed together previously.   
Two video cameras (using a number of digital Panasonic SDR-H250, HC-V500M camcorders) 
were assigned to each pen.  Cameras were placed high in the corner of the pen to capture the 
activity in the common area from two different angles.  The partition was not the main focus of 
the vision.  Recording commenced a few minutes before sows entered the pen and continued for 
approximately 90 minutes post-mixing.  Group 9 from the partition treatment was omitted from 
the study as there were technical issues with the camera and only 30 minutes of footage was 
captured.  Upon review of all footage, it was decided to analyse all groups to 60 minutes as 
footage for all other groups reached this point. 
5.3.3 Quantitative analyses (time budgets) 
A behaviour profile was performed by scanning the continuous footage at 1-minute 
intervals and recording the proportion of animals performing each of eight behavioural categories 
(Table 5.1) for approximately 10 seconds. 
The time points were converted into 10-minute time intervals and the average proportion 
of sows performing the behaviour was transformed using an arcsine square root transformation.  
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To compare treatments, all behavioural data were analysed using a repeated-measures ANOVA 
(Statistica, StatSoft Inc, 2001) with all behavioural categories compared as repeated measures.  
Post-hoc Tukey’s HSD were also performed to compare individual behavioural categories at seven 
time-points (10 minute intervals for 70 minutes) to determine which time point would be suitable 
for QBA. 
5.3.4 Qualitative Behavioural Assessment (QBA) 
QBA is measure of behavioural expression of animals.  It is a tool used to detect the subtle 
changes and expression of the animal in a dynamic and expressive way that describes not what 
and animal does, rather how an animal is behaving (Wemelsfelder et al., 2000; 2001; Rousing and 
Wemelsfelder, 2006).  QBA has been included as one of the 12 criteria for assessment under the 
European Union Welfare Quality® assurance scheme, where it is the only measure of positive 
welfare (Keeling et al., 2013).  Temple et al. (2011a, 2011b) applied QBA to pigs on farm using 
fixed term methodology in accordance with the Welfare Quality protocol.  QBA has not previously 
been applied to sows at the point of mixing into group housing pens of different designs.   
Video clips of approximately 1-minute in duration were selected from all 19 groups at a 
random time point between 50-60 minutes post-mixing (19 clips in total).  This time point was 
established as appropriate by the quantitative assessment undertaken (see results).  The clips 
were selected and edited using Adobe Premier Pro CS3 and Adobe After Effects (Chatswood, 
NSW, Australia).  Any view of staff moving past the outside of the pen were avoided and vision of 
neighbouring pens was also obscured by increasing the opacity of the central image in order to 
prevent distracting the viewers.   
All observers participated in the study on a voluntary basis.  17 observers were recruited by 
advertising on notice boards around Murdoch University.  Each observer was provided with an 
information sheet (describing QBA instructions but not what the treatments were).  The 
participants were the group as the participants in chapter 4.  Three observers were postgraduate 
students in the animal and veterinary science fields and the remaining 14 were undergraduates in 
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either veterinary or animal science studies.  Only one observer had a specific interest or 
experience with pigs. 
The observer scores generated from session 2 were analysed using a Generalised 
Procrustes Analysis (GPA) using a specialised statistical program (GENSTAT 2008, VSN 
International, Hemel Hempstead, Hertfordshire, UK).  A detailed description of all GPA procedures 
is outlined in Wemelsfelder et al. (2000; 2001).  
The terms that each observer used to score the behaviour are correlated with each of the 
GPA dimensions and word lists produced for those terms that showed the strongest correlations 
(r) with each GPA dimension.  These terms were identified by calculating >75% of the highest 
absolute correlation coefficient value for that dimension (Mardia et al., 1979).  The number of 
observers to use each term was recorded.  
Each of the video clips was also assigned a score on each GPA dimension.  The scores for 
each dimension were BoxCox-transformed to conform to the requirements of parametric 
statistics, confirmed by Levene’s and Shapiro-Wilk tests.  To compare between housing 
treatments, each GPA dimension was analysed using a mixed-model ANOVA (Statistica, StatSoft 
Inc, 2001) with the GPA dimension scores as the dependant variable, individual observer’s ID code 
as a random blocking factor and treatment (partition vs. no partition) as the fixed factor.  
5.3.5 The relationship between Quantitative and Qualitative measures 
A behavioural profile was developed for each of the 19 clips shown to observers for the 
QBA.  The frequency of each of the behavioural categories listed in Table 5.1 was recorded.  This 
was done in order for the quantitative behaviour to be more representative of what was 
performed in the clips.  The time budget results and GPA dimension scores for the 19 video clips 
were analysed by Spearman Rank Order correlation.   
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 Results 5.4
5.4.1 Quantitative analyses (time budgets) 
The repeated-measures ANOVA on the mean value for all behavioural data over 60 minutes 
post-mixing for the partition and no partition groups is presented in Table 5.2.  There was no main 
treatment effect (F1,714,=3.51, P= 0.078) nor was there a significant behaviour x treatment 
interaction (F7,714=0.79, P=0.601).  However there was a significant main effect of time 
(F6,714=15.20, P<0.001) and behaviour (F7,714=64.11, P<0.001) and a significant time x behaviour 
interaction (F42,714=28.47, P<0.001) meaning that the behaviour changed over time in both 
treatments.  The significant time x behaviour x treatment interaction (F42,714=2.35, P<0.001) 
indicates that there were differences in the proportion of sows performing all recorded behaviour 
over all time points for both the partition and the no partition groups.   
Behaviour profiles showing the proportion of sows performing the eight behavioural 
categories over 70 minutes are presented in Figure 5.2.  General patterns reflect consistently 
more avoidance behaviour in the partition sows compared the sows with no partition (Figure 5.2).  
Sows in the pens with no partition walked less, stood less and lay down sooner compared to sows 
in the partition groups.  There were no significant differences in the levels of aggressive behaviour 
of the sows.  Aggressive behaviour was relatively low in both treatments, with the partition 
groups having a higher, but not significantly higher, proportion of sows performing the behaviour.  
Investigative behaviour was consistently more prevalent in the no partition groups, with the post-
hoc Tukey’s HSD indicating a significantly higher rate in the no partition group at 50-60 minutes 
(P=0.027) and 60-70 minutes (P=0.012) post-mixing (Figure 5.2).  The Tukey’s HSD post-hoc 
analysis indicated no other significant differences in the proportions of sows performing each of 
the behaviour at any other time points.   
5.4.2 Qualitative Behavioural Assessment (QBA) 
A total of 89 terms were developed by the 17 observers.  The Procrustes Statistic indicated 
that the GPA consensus profile explained 60.02% of variation among the 17 observers, which 
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varied significantly from the mean randomised consensus profile (t99= 36.06; P=0.001).  Two main 
GPA dimensions were identified, which explained 58.9% and 12.7% of the variation in the 
observer’s scoring data (GPA dimension 1 and GPA dimension 2) respectively.   
The full list of terms correlated with the two GPA dimensions is shown in Table 5.3.  The 
most frequently-used terms for GPA dimension 1 were ‘calm/relaxed’ on the low end and 
‘aggressive/tense’ on the high end.  The most common terms for GPA dimension 2 were 
‘interested/curious’ on the low end and ‘sleepy/bored on the high end.  The most frequently used 
terms were selected for the purpose of labelling the GPA dimensions in relation to treatment 
(partition vs. no partition) (Figure 5.3).   
5.4.3 Effect of partition on behavioural expression (QBA scores) 
There was a significant treatment effect for GPA dimension 1 (mixed-model ANOVA: F1,16= 
19.92, P< 0.001) (Table 5.3).  Sows in the pens with a partition scored significantly lower scores for 
GPA dimension 1 compared to the no-partition groups (Figure 5.3); i.e. sows were scored as more 
‘calm/ relaxed’ at mixing compared with those mixed into pens without a partition, which were 
more ‘aggressive/ tense’.  There was no treatment effect on GPA dimension 2 (F1,16= 0.26, P= 
0.618).   
5.4.4 Relationship between qualitative and quantitative behaviour measures 
The correlations between the GPA consensus dimension scores and the quantitative scores 
behaviour for the 19 video clips are presented in Table 5.4.  GPA dimension 1 scores 
(aggressive/tense vs. calm/relaxed) were positively correlated with walking (Spearman Rank 
Order correlations: rs 17 = 0.57, P <0.05), aggression (rs 17 = 0.64, P <0.001) and avoiding behaviour 
(rs 17 =0.52, P <0.05), and negatively with lying behaviour (rs 17 = -0.72, P< 0.001).  Therefore sows 
that were described as more calm/relaxed also showed less aggression, less avoidance and less 
walking behaviour.  Scores for GPA dimension 2 (sleepy/bored vs. interested/curious) were 
positively correlated with lying (rs 17  = 0.59, P< 0.01) and sitting (rs 17 =0.46, P<0.05), and negatively 
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with eating (rs 17  =-0.59, P<0.05).  Therefore sows that were described as more sleepy/bored also 
showed more lying, sitting and less eating.  
 Discussion 5.5
This study compared the behaviour profile and behavioural expression of sows mixed into 
group pens with and without the presence of a partition.  We found significant differences in the 
activity patterns (time budgets) in terms of the amount of investigative behaviour as well as the 
behavioural expression of these sows due the presence of a simple concrete partition.  There was 
significantly less investigative behaviour at 40-50 minutes and 50-60 minutes post-mixing into 
groups with the partition, and sows were described as more ‘calm/relaxed’.  Therefore, despite 
there being little difference in the activity levels sows mixed into pens with partitions were 
associated with a more positive mood. 
The lower levels of ‘investigative’ behaviour in the groups with the partition conforms to 
the findings of Luescher et al. (1990) who reported a reduction in ‘active’ behaviours at mixing of 
gilts into groups, which included walking, standing and feeding.  In a practical sense it would 
appear that the presence of a partition does not promote activity and exercise in the sows.  It 
would be advantageous to quantify investigative behaviour over a much longer period of time (for 
example over the whole gestation) as exercise has previously been found to increase bone density 
and strength in gestating gilts (Schenek et al., 2008) as well as increased muscle weight and 
stronger bones in sows (Marchant and Broom, 1996).  It may be that the design of the pen and its 
features promote exercise in sows.   
Avoidance behaviour was consistently higher in the groups with the partition.  Avoidance is 
considered an important aspect of pig interaction because it is a means to avoid aggressive 
interaction (Jensen, 1984).  It may be that sows in pens with a partition feel the addition provides 
a retreat area and so are more likely to avoid a confrontation.  A small amount of food was 
provided to sows in order to keep the sows from leaving the pen once they had entered.  All sows 
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at this stage of pregnancy are feed-restricted and therefore will actively and enthusiastically seek 
out the chance to eat and hence spend a great proportion of their time doing so as long as the 
feed is still available.  If the food was not provided at mixing, it might be expected that the hunger 
of the sows would exacerbate the effects of mixing as it adds another element of competition 
(Arey and Edwards, 1998; Rhodes et al., 2005).  Feed restriction also increases the motivation to 
forage for food (Appleby and Lawrence, 1987) and so might explain much of the 
investigative/exploratory behaviour seen in the no-partition groups.  It would be advantageous to 
investigate such behaviour for a longer time period to see if there are further changes over time. 
We recorded significant correlations between the behavioural expression of sows and 
several quantitative measures of behaviour (GPA dimension 1 with walking, lying, aggression and 
avoidance; GPA dimensions 2 with lying, eating and sitting) in the video clips.  Previous studies 
have also found that there is a significant relationship between the activity recorded and the 
behavioural expression in a number of species.  Rousing and Wemelsfelder (2006) found 
significant positive and negative correlations with their quantitative and qualitative scores for 
dairy cows in loose housing systems.  Similarly, Napolitano et al. (2012) demonstrated a 
significant correlation between the quantitative behaviour of dairy buffalo with QBA observer 
scores.  The QBA and quantitative scores of foals exposed to unfamiliar humans was also 
significantly correlated (Minero et al., 2009).  Stockman et al. (2014) found significant correlations 
between QBA score and the activity in sheep.  Recent studies in piglets have also indicated 
significant relationships between QBA scores and quantitative behaviour (Morgan et al., 2014; 
Lau et al., in review).  The significant correlation between the sow’s QBA scores and the activity 
scored in the clips is further evidence that QBA can measure even subtle differences in the 
behavioural response of groups of sows as a result of being mixed into group pens of different 
designs. 
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 Conclusion: 5.6
This study showed that the addition of a partition to the group pen caused subtle changed 
in the type of behaviour performed, and that behavioural expression of the sows was significantly 
influenced.  This experiment indicates that, although the presence of a partition may not 
necessarily be effective in reducing agonistic behaviour, the body language of the sows suggests a 
more positive welfare state.  This type of investigative study is important for the Australian pig 
industry to identify housing designs that do the best to promote positive welfare states in sows at 
the point of mixing.  Similarly Wickham et al. (2012; 2014) reported that observers could detect 
subtle differences in the behavioural expression of sheep during land transport (where they were 
physically restrained and therefore could show only a limited range of behaviour). 
The next step for application of QBA to further explore the behavioural expression of sows 
across a range housing designs might be to compare as wide range as possible within one study.  
Such a study would require that we keep constant many other factors, and would probably 
require a correlative rather than manipulative experimental design.  Another important step 
towards applying this procedure on farm would be to develop a standard list of fixed terms (e.g. 
Wemelsfelder and Millard, 2009) as has been done for the Welfare Quality audit programme.  
Fixed lists (Chapter 9) offer the opportunity for multiple observers to independently observe and 
score on farm conditions to make their assessments.   
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 Tables and Figures 5.8
Table 5.1: Criteria for defining behaviour of sows at mixing into groups.  
 
Behaviour category Description  
Laying (group or stall) ¥ Sternal or lateral recumbence  
Sitting Backside on ground with head 
up 
Standing Standing only, no interaction 
with environment or other 
animals 
Walking  Moving across the pen or from 
one stall to another. No 
interaction with other animals 
Investigating  Animals sniffing or licking the 
pen or another animal 
Aggression (biting 
neck/face/flank/tail, belly 
nosing)¥   
 
Agonistic encounter with 
other animals resulting in 
confrontation and/or 
avoidance behaviour 
Avoiding Moving away from an 
aggressive approach or 
interaction 
Eating Head down eating food 
dropped on floor 
 
¥ Each of these behaviour were scored separately, but all aggressive interactions were later 
pooled due to low frequency of occurrence
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Table 5.2: Results from repeated measures ANOVA on the mean values for all the quantitative 
behavioural data.   
 
 
 
df F P 
Treatment 1,714 3.51 0.078 
Time 6,714 15.20 <0.001* 
Behaviour 7,714 64.11 <0.001* 
Time*Treatment 6,714 2.20 0.049* 
Behaviour*Treatment 7,714 0.79 0.601 
Time*Behaviour 42,714 28.47 <0.001* 
Time*Behaviour*Treatment 42,714 2.35 <0.001* 
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Table 5.3:  Terms for all observers showing the highest negative and positive correlation with Generalised Procrustes Analysis (GPA) dimension 1 and 2 of the 
consensus profile.  The results of the Mixed-Model ANOVA are also included. NS= not significant.   
Dimension Low Values High Values Mixed-Model ANOVA 
 
   effect df F P 
1 (58.9%) 
 
Calm (10), Relaxed (8), 
Quiet (2), Content (3), 
Inactive, Comfortable, 
Lazy, Bored, Chilled, 
Happy 
Aggressive (10), Tense (6),  Restless (4), 
Agitated (4), Anxious (3), Pushy (3), 
Frightened (2), Competitive (2), 
Aggravated (2), Alert (2), Stressed (2), 
Angry (2), Annoyed (2), Active (2), 
Concerned, Dominant, Disruptive, Excited, 
Playful, Fearful, Defensive, Bored, Uneasy, 
Upset, On edge, Furious, Boisterous, 
Grumpy, Startled, Hostile, Submissive, 
Impatient, Territorial, Intimidated, 
Unsettled, Irritated, Nervous, Frustrated 
Treatment 1 19.9 <0.001 
Observer 16 <0.01 ns 
Observer x 
Treatment 
16 0.2 ns 
 
2 (12.7%) 
 
Interested (2), Curious 
(2), Inquisitive, 
Comfortable, Active, 
Fearful 
Sleepy (5), Bored (5), Tired (3), Lazy (2), 
Exhausted, Annoyed, Uninterested, 
Demoralised, Subdued 
Treatment 
 
1 0.3 ns 
Observer 
 
16 <0.01 ns 
Observer x 
Treatment 
16 0.5 ns 
  
Representative terms for each behavioural dimension were identified by calculating >75% of the highest absolute correlation coefficient value for that dimension 
(Mardia et al., 1979) which was r>0.7 for GPA dimension 1 and r>0.5 for GPA dimension 2.  Term order is determined firstly by the number of observers to use 
each term (in brackets if > than 1), and secondly by weighting of each term (i.e. correlation with the GPA dimension). 
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Table 5.4: Spearman’s Rank Correlations between Qualitative Behavioural Assessment (QBA) 
scores and quantitative measures of behaviour in the same 19 video clips. 
 
Quantitative 
measures Qualitative Behavioural Assessment scores 
 GPA Dimension 1 
(calm/relaxed vs. 
aggressive/tense) 
GPA Dimension 2 
(interested/curious 
vs. sleepy/bored) 
 Walking 0.57* -0.44 
Standing 0.16 -0.21 
Lying -0.72*** 0.59** 
Sitting 0.13 0.46* 
Eating 0.14 -0.46* 
Aggression 0.64** 0.21 
Avoiding 0.52* 0.37 
Investigation 0.14 -0.09 
* P<0.05 
** P<0.01 
*** P<0.001
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Figure 5.1: Diagram of the no partition (left) and partition (right) pens.  
 
 
  
 
 
 
 
 
6
m 
  74 
 
 
 
 
 
 
 
 
 
Figure 5.2: Behaviour patterns of sows over 70 min post-mixing into group pens with no-partition (solid circles) and partition (open squares).  Numbers 
under the x-axis indicate consecutive 10-min time windows. Asterisk indicate a significant difference in investigative behaviour at 50-60 mins (* P=0.027) 
and 60-70 mins post mixing (**P=0.012) as determined by the Tukey’s HSD post hoc test.   
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Figure 5.3: The average Qualitative Behavioural Assessment (QBA) scores for all no partition and 
partition groups on Generalised Procrustes Analysis (GPA) dimension 1. Error bars denote 0.95 
confidence interval.  
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 Abstract 6.1
Electric sow feeders (ESF) are a type of feeding system that allows individual feed 
management and protects sows from aggression while they are in the feeding area.  Although the 
system allows better management of individual sows, aggression around the entrance to the ESF 
as sows queue for access to the feeder may compromise sow welfare.  This aggression may 
subside over time as the sows establish a feeding order, but this can be disrupted if the sows are 
subsequently moved to a new pen to free up pen space near the farrowing unit (i.e. re-penning).  
This study employed quantitative and qualitative measures on a commercial piggery where the 
sows were housed in groups of 50-60, to investigate sow behaviour around ESF entrances.  Four 
stages in gestation were compared: at mixing (5 days post-mating), 7 days post-mixing, at re-
penning 6 weeks after initial mixing, and 7 days after re-penning.  The ESFs started operating at 
18:00h and all sows fed in about 9 hours.  From continuous overnight footage of seven groups, 
scan samples scoring the proportion of sows performing specified behaviours around the 
entrance to the feeder were recorded every half-hour from 17:00h (one hour prior to feeding) to 
09:00h the following day for a total of 707 time-point observations.  There was a significant 
change in time budgets with stage of gestation (F3,3185 =2.8, P= 0.042).  A high proportion of sows 
laid in front of the feeder early in the daily feed cycle at mixing, with an increase in the proportion 
of sows reported to perform investigation (feeder, social) overnight.  At later gestational stages, 
fewer sows laid in front of the feeder.  Aggression in front of the feeder was specifically 
investigated at three time points overnight (total 550 minutes observation time); the most 
aggressive interactions occurred just at the start of the feed cycle for sows at re-penning.  
Qualitative behavioural expression of sows was quantified for three direct comparisons using 
Qualitative Behavioural Assessment (QBA) (1. three time-points overnight at mixing; 17:00-
18:00h, 23:00-24:00h, 05:00-06:00h 2. at mixing vs. 7 days post-mixing; 05:00-06:00h and 3. at 
mixing vs. re-penning; 17:00-18:00h) which were compared with time budget data from the video 
clips.  Firstly, comparing three time-points overnight at mixing, sows that were present at the 
 79 
 
feeder early (17:00-18:00h) and late (05:00-06:00h) were scored as more ‘interested/alert’ 
compared to those at the feeder entrance in the middle of the night (23:00-24:00; more 
‘sedate/sleepy’) and footage where animals were scored as more ‘sedate/sleepy’ were more likely 
to be performing lying behaviour (rs 124=0.897, P<0.05).  There were also several negative 
correlations with GPA dimensions 1 scores and the behaviour scored in the video-clips including 
standing (rs 124=-0.546, P<0.05), investigating the feeder (rs 124=-0.638, P<0.05), aggression (rs 124=-
0.365, P<0.05) and walking (rs 124=-0.557, P<0.05) suggesting the sows were ‘interested/alert’ 
when performing these behaviour.  Secondly, sows were scored as more ‘active/tense’ and 
‘curious/aware’ at mixing compared with 7 days later, when they were more ‘relaxed/calm’ and 
‘frustrated/sleepy’.  Correlations with activity in the video clips indicated that sows were more 
likely to be scored ‘active/tense’ when investigating the feeder (rs 82=0.735, P<0.05) and lying 
down (rs 82= 0.555, P<0.05).  Thirdly, sows were more ‘confident/satisfied’ and ‘calm/happy’ at 
mixing compared to re-penning 6 weeks later, when they were scored as more ‘bored/submissive’ 
and ‘aimless/bored’.  When sows were lying they were considered more ‘bored/submissive’ (rs 76=-
0.779, P<0.05) but more ‘confident/satisfied’ when they were standing (rs 76=0.768, P<0.05).  This 
study demonstrated a significant shift in not only the activity over time and after re-penning but 
also a change in sow body language around the ESF. Much of the activity took place at the start of 
the feeding cycle and peaked again in the early daylight hours. These time points would appear to 
be important for monitoring sow welfare.  This study also highlighted QBA as a useful tool to aid 
in the welfare assessment of group-housed sows by identifying changes in demeanour throughout 
the gestation period.  
 
Keywords: Sow housing, feeding, aggression, behaviour, ESF, welfare 
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 Introduction 6.2
Aggression in sows increases around competition for a resource (e.g. food or space) or 
establishment of the social hierarchy (Beilharz and Cox, 1967b; Petherick & Blackshaw, 1987), 
with most of the injuries caused by aggression being sustained immediately after mixing (Mount 
and Seabrook, 1993; Symoens and Van Den Brande, 1969).  Competition for food is considered to 
be of major importance for group-housed sows.  This is mainly because feed restricted sows (like 
those in this experiment) are motivated to eat throughout the day and have to compete for low 
volumes of concentrated feed (Terlouw et al. 1991).  Feeding devices can, therefore, play an 
important role in modifying the behaviour of group-housed sows and their welfare outcomes.  
The type of feeding system can significantly affect levels of aggression (Spoolder et al., 2009) and 
it is therefore important to recognise different feeding systems may be suitable for different 
group housing systems. 
There are several different methods of feed administration in group housed sows, the 
control of which is categorised in three ways: 1. Average feed intake, where all sows are fed at 
once from one source; 2. Equal intake, where all sows get the same amount of feed; and 3. 
Differential intake, where different feeding levels can be catered for (Gonyou, 2003).  
Additionally, food can also be provided simultaneously (where all sows are fed in one or two 
events daily at the same time), or sequentially, which allows for individual access to feed 
(Spoolder et al. 2009).   
The simplest form of feeding is floor or ground feeding, where feed is deposited onto the 
floor, usually from a hopper suspended above the pen.  This type of simultaneous system can only 
achieve an average feed intake for the group (Gonyou, 2003) and causes competition.  
Consequently floor feeding can result in high levels of aggression.  Limitations of floor feeding 
may be mitigated by the provision of plenty of space for sows, spreading the feed over a larger 
area, which makes it more difficult for aggressive/dominant sows to defend the feed.   
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A common type of simultaneous feeding system that can achieve average intake amongst 
groups of sows, is trickle feeding.  Sows are fed simultaneously, usually in stalls, where the sows 
are allowed to choose which stall they feed from.  To prevent sows stealing food from one 
another, the feed can be deposited at a ‘trickle’ rate so that food cannot accumulate.  
Alternatively, sows can be locked into the stalls for the feeding period (Gonyou, 2003).  From a 
welfare perspective, sows may receive vulva or tail bites when standing in the stalls (Van Putten 
and Van Den Burgwal, 1990; Hodgkiss et al., 1998), and therefore, the length of the feeding stall is 
crucial to the welfare of the sow (Spoolder et al. 2009).  
Electronic sow feeders (ESF) are a sequential feeding system developed originally for dairy 
farms in the 1980s that are finding greater uptake across Australian commercial piggeries.  ESFs 
allow one sow to access a protected feeder at any one time, with the aim of reducing bullying and 
competition for food (Edwards, 1984; Chapinal et al., 2008; Remience et al., 2008).  A computer 
identifies a sow from her individual radio frequency identification (RFID) tag, and allows access to 
a pre-determined allocation of feed inside the protected feeder.  Once a sow has had her daily 
ration, then the ESF will allow her access, but will not provide any additional feed.  ESFs therefore 
allow control of feed intake for a large number of individuals and can also track which sows may 
not have eaten, as well as allowing managers to feed sows according to body condition.   
Since the ESF is a ‘defendable’ structure, that is a source of competition (Chapinal et al., 
2010a; 2010b) and the area surrounding the entrance to the feeder is a hotspot for queuing 
behaviour and potential conflict while sows wait to gain access (Chapinal et al., 2010b).  Sows will 
generally establish a ‘feed order’ (Spoolder et al., 2009), meaning that the same sows will visit the 
feeder at around the same time every day.  The feed order is closely linked to the dominance 
hierarchy, with more dominant sows tending to feed early in the cycle (Hunter et al., 1988; 
Csermely, 1989; Chapinal et al., 2008; Manteuffel et al., 2010).  Until a feeding-order is formed, in 
the first 7 days after mixing (Hunter et al., 1988; Chapinal et al., 2008; Spoolder et al., 2009; 
Chapinal et al., 2010b; Krauss and Hoy, 2011), it is expected that sows will queue at the entrance 
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to the feeder, which could cause an increase in aggressive behaviour (Van Putten & Van De 
Burgwal, 1990). 
Under commercial pig farming practices, sows may be moved from one pen to another 
during their gestation period in order to make room for other sows or to be closer to the 
farrowing unit.  Mount and Seabrook (1993) suggested that a second mixing disrupts the 
relationships formed after the first mixing; however there are no studies that describe the effects 
on behaviour if sows are simply moved from one pen to another during their gestation period (re-
penning).  When sows are moved from one pen to another identical pen but maintained in the 
same groups, there may be initial changes in activity and potentially an increase in aggression 
compared to mixing and 7 days post-mixing.  
This study quantified the behaviour of newly-mixed groups of 50–60 sows around their first 
feeding event at an ESF, at 7 days post-mixing, at re-penning, and then at 7 days after re-penning.  
Key behaviour was quantified including socialisation, standing, and the frequency and duration of 
aggression. In addition to time budget analyses, Qualitative Behavioural Assessment (QBA) was 
used to compare the demeanour of sows around the feeder entrance at four time points during 
gestation.  QBA is a measure of behavioural expression, demeanour or ‘body language’ of animals 
and has been shown to be a useful and valid measure of welfare status and emotionality in pigs 
(Wemelsfelder et al, 2000; 2001; Temple et al., 2011a; 2011b; Rutherford et al., 2012). QBA is an 
important inclusion as one of the 12 criteria for assessment under the European Union Welfare 
Quality® assurance scheme, where it is the only measure of positive welfare (Temple et al., 2011a; 
Keeling et al., 2013).   
The hypothesis tested during this study was that there would be greater conflict early in the 
night for the first feed after mixing, when dominant sows may be present at the feeder.  By 7 days 
post-mixing, we also expected less conflict as the feed order and dominance hierarchy should be 
established.  Finally, we expected that the act of re-penning sows may disrupt the social dynamics 
of the group and therefore they would show a change in demeanour when moved.   
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 Materials and Methods 6.3
6.3.1 Animals and housing 
All experimental procedures were reviewed and approved by the animal ethics committee 
at Murdoch University (Perth, Australia; Permit number O2441/11). Large White, Landrace, Duroc 
and Large White x Landrace sows of mixed parity (1-8) were housed on a commercial breeding 
facility in Western Australia.  Animals were mixed into group pens of 50-60 sows at 5 days post-
mating.  A single pen was filled from the weekly cycle of weaning and mating.  Each pen was 
approximately 11 x 11 m, giving at least 2 m2 per sow.  The pens had solid concrete flooring with a 
slatted common dunging area running the length of the pen.  Several partition walls created lying 
areas about the edge of the pen.  Water was provided ad libitum from drinkers.   
Each pen had a single Electronic Sow Feeder (SKIOLD datamix Electronic Sow Feeding 
www.skiold.com).  The sows had previously been trained in the use of the ESF when they were 
gilts.  The feeder switched on automatically at 18:00h and generally all sows had fed by 09:00h 
(the following day) when staff returned to the sheds for general husbandry and maintenance.  All 
sows, regardless of size and age, were allocated 2.2kg of feed per day. 
Video cameras (Panasonic SDR-H250, HC-V500M camcorders) were set up in each pen with 
the best view of the entrance to the feeder and recorded continuous footage of the area around 
the entrance to the ESF.  Halogen lights were suspended above the feeder in order to provide 
light for video recording during the night.  Cameras were placed during the late morning on the 
day of mixing (i.e. capturing the sows’ first feed as a group), and left to record overnight for 
approximately 28 hrs.  The cameras were mounted in similar positions across all pens in order to 
capture consistent images.   
Seven groups were analysed at mixing, 7 days post-mixing and six groups through to the 
final stage (re-penning and 7 days after re-penning).  Sows were filmed over the first night after 
mixing into these group pens (‘mixing’) and then again one week later (‘7 days post-mixing’).  The 
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nature of the management system of this piggery is one that moves sows to a different but 
identical group pen (while maintaining the same individuals in the group) 6 weeks after the initial 
mixing.  Sows were filmed over the first night after they were re-penned (‘re-penning’); these 
groups were also filmed a week later (‘7 days after re-penning’).  These time points are referred 
to as ‘gestation stage’.   
6.3.2 Quantification of behaviour 
We quantified behaviour for time budgets by counting the proportion of sows performing 
each of the behavioural categories listed in Table 6.1 at 30 minute intervals, for approximately 1 
minute, from 17:00h (one hour prior to feeding) to 09:00h (when piggery staff usually entered the 
pens the following day). Sows were not individually identified during this analysis. This yielded a 
total of ~30 time-points for scan sample observations per group.  Because we were specifically 
interested in the behaviour around the ESF entrance, we recorded behaviour of animals that were 
within two average body-lengths of the feeder entrance (‘feeder zone’).  We were also interested 
in aggression in general and therefore monitored behaviour in an ‘outside zone’ (all areas of pen 
within the field of view that were outside the feeder zone).  A mixed-model ANOVA was used to 
analyse the time budget data, including day and time of night (hour) as fixed factors, and the 
arcsine-squareroot proportions of each of the six behaviour categories as the random factor.   
6.3.3 Aggression counts and duration 
Due to the low incidence of aggression during scan sampling, we also included analyses of 
aggression occurring over a longer (10-minute) observation time (55 time points; total 550 
minutes observation time) for three times of night (18:00-18:10h, 00:00-00:10h, and 03:00-
03:10h).  We analysed aggression data from the scan sampling for gestation stage and time of 
night separately by non-parametric ANOVA due to small numbers and distribution of the data. 
6.3.4 Qualitative Behavioural Assessment (QBA) 
We compared footage (sampled from the continuous footage) for the groups at key time 
points, as determined post hoc by the results of the quantitative analyses (see results).  Video 
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clips were selected and edited using Adobe Premier Pro CS3 and Adobe After Effects (Chatswood, 
NSW, Australia).  Care was taken to ensure any vision of other pens or of staff was avoided so that 
the viewer was not distracted.   
Study 1: Mixing: video clips of approximately 1-minute duration were selected from all 7 
groups at ‘early’ (E; 17:00-18:00h), ‘middle’ (M; 23:00-00:00h) and ‘late’ (L; 05:00-06:00h) for a 
total of 21 clips.  These time intervals were chosen based on notable differences in activity (see 
results).   
Study 2: Mixing vs. 7 days post-mixing: video clips of approximately 1-minute duration were 
selected from all 7 groups at mixing and at 7 days post-mixing for a total of 14 video clips.  The 
clips were selected at a random time between 05:00h and 06:00h (meaning that most sows would 
have fed overnight).  This time interval was established as appropriate for QBA based on notable 
differences in the activity at mixing and 7 days post-mixing.   
Study 3: Mixing vs. re-grouping: Video clips of approximately 1-minute duration were 
selected at a random time point between 17:00h and 18:00h (7 clips from mixing, 6 clips from re-
penning; 13 clips in total).  This time interval was established as appropriate for QBA based on 
notable differences in the activity at mixing and re-penning.   
Fourteen volunteer observers (4 male, 10 female) were recruited by advertising on notice 
boards around Murdoch University.  The observer group was made up of undergraduate, 
postgraduate and post-doctoral students and staff in the animal and veterinary science fields.  
Two observers had a specific interest and/or experience with pigs.  Each observer was provided 
with an instruction sheet that describing QBA methodology but the observer remained blinded to 
any treatments.   
A Free-Choice Profiling (FCP) methodology was employed in this study.  FCP involves two 
viewing phases.  The first viewing session involved the observers who were allowed to generate 
their own adjectives to describe how the sows were behaving.  The second phase involved scoring 
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the video clips by placing a mark on a visual analogue scale that they thought reflects the intensity 
the of the animals’ expression against their own descriptive terms.  Each of the three sets of clips 
were scored as separate viewing sessions.   
The observer scores generated from each of the viewing sessions were analysed using a 
Generalised Procrustes Analysis (GPA) using a specialised statistical program (GENSTAT 2008, VSN 
International, Hemel Hempstead, Hertfordshire, UK).  A detailed description of all GPA procedures 
is outlined in Wemelsfelder et al. (2000; 2001).  The GPA identifies a ‘best fit’ profile which 
identifies complex patterns in observer scoring behaviour and ranks the scoring behaviour both 
between observers and within the observer’s own scoring behaviour on a dimension.  Part of this 
GPA analysis involves a Principle Components Analysis (PCA), which reduces down the number of 
dimensions (to usually 2 or 3).  The GPA also produces a Procrustes Statistic, which is the 
percentage of variation between the observer scores explained by the consensus profile.  To 
determine the significance of the Procrustes Statistic, a randomisation test is performed and the 
Procrustes Statistic is compared against this randomised data by t-test.  The QBA scores for each 
video clip were transformed using a BoxCox transformation and tested for normal distribution 
(Shapiro Wilk and Lilliefors tests) and for equal variance (Levene’s test) and all data were 
compliant with the assumptions of parametric statistics.  
As part of the GPA/PCA analysis, the terms that each observer used to score the behaviour 
shown in the treatment clips were correlated with each of the GPA dimensions, and word lists 
produced which identified terms with the strongest correlations (r) with each GPA dimension.  
These terms were identified by calculating >75% of the highest absolute correlation coefficient 
value for that dimension (Mardia et al., 1979) which was r>0.7 for GPA dimension 1, r>0.6 for 
GPA dimension 2 and r>0.5 for GPA dimension 3.  The number of observers to use each term was 
also recorded. 
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To compare the scores for each of the GPA dimensions, one way and mixed-model ANOVAs 
were performed for each study.  Post-hoc pairwise ANOVA was performed on the mixing QBA 
scores to determine if there was a significant difference between the three time-points.   
6.3.5 The relationship between time-budgets and QBA scores 
For all three sessions, each of the clips was scored for the proportion of sows performing 
the behaviour categorised in Table 6.1 so that the quantitative behaviour was representative of 
what the observers saw.  These data were transformed using an arcsine-squareroot 
transformation and then correlated with the QBA scores using a Spearman’s Rank Correlation 
(Statistica, StatSoft Inc, 2001). 
 Results 6.4
6.4.1 Quantification of behaviour 
At mixing, there was a high proportion of animals that lay in front of the ESF; this 
proportion decreased over time (Figure 6.1).  The opposite pattern was evident for the other 
three gestation stages.  Seven days after mixing, fewer animals lay in front of the feeder, but 
there was a greater incidence of investigation of the feeders.  When animals were re-penned, the 
amount of investigation of the ESF increased again and there was less lying in front of the 
entrance evident. 
There was a significant main effect of gestation stage on behaviour (mixed-model ANOVA: 
F3,3184= 2.8, P=0.042; Table 6.2). There was also a significant main effect of behaviour (F5,3184 = 
750.7, P<0.001), indicating that some behaviours were more common than others.  Although 
there was no significant main effect of hour, (F16,3184 = 1.3, P= 0.191), there was significant 
behaviour x hour interaction (F80,3184 = 1.8, P<0.001) which reflects that the behaviour expressed 
around the feeders changed with time of night.  The significant three-way interaction (Behaviour 
x Gestation Stage x Hour) (F240, 3184= 3.6, P<0.001) indicates that the behaviour was different for 
the first mixing event compared with the other three days.   
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The time points for QBA study 1 were selected based on activity levels represented in 
Figure 6.1.  At mixing, the general activity patterns indicate that at 17:00-18:00h (early), 23:00-
00:00h (mid) and 05:00-06:00h (late), there was more investigation of the feeder early, more lying 
behaviour in the middle and an increase in walking and standing late in the feed cycle.  When 
comparing time-budgets at mixing and 7 days post-mixing, the pattern of behaviour was markedly 
different at 05:00-06:00h; at mixing there was less lying behaviour compared to 7 days post-
mixing.  When comparing the time budgets of sows at mixing and re-penning, there was more 
lying behaviour at 17:00-18:00h (just prior to the start of the feed cycle) at mixing compared to 
the same time-point at re-penning where there was considerably more investigation of the feeder 
and more walking behaviour.   
6.4.2 Aggression counts and duration 
As part of the scan sampling, we only recorded 7 incidents of aggression (out of a total of 
707 scan sample points; i.e. 1% of samples).  There was no difference between the day (mixing, 
7days etc.) (Kruskall-Wallis ANOVA H3, n=707 = 1.03, P=0.795).  Due to the low incidence of 
aggression during scan sampling, we also included analyses of aggression occurring over a longer 
(10-minute) observation time (55 time points; total 550 minutes observation time).   
During this sampling, 72 incidents of aggressive interaction were recorded.  There was most 
aggression around the feeder at re-penning and least at 7 days after re-penning (gestation stage: 
H3, n=54 = 10.92, p=0.012) and there was least aggression in the early hours of the morning (03:00-
03:10h) (hour: H2, n=54 = 7.66, p=0.022; Figure 6.2).  In terms of the duration of aggressive 
encounters, there was no effect of gestation stage (H3, n=31 = 3.85, p=0.278) or hour (H2, n=31 = 1.25, 
p=0.536).  
6.4.3 Qualitative Behavioural Assessment (QBA) 
The 14 observers developed a total of 64 terms (Table 6.3).   
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Study 1: Mixing (three time points overnight):  The GPA consensus profile explained 62.26% of 
variation among the 14 observers and this varied significantly from the mean randomised 
consensus profile (t99=37.01; P=0.001).  GPA dimensions 1 and 2 explained 70.7% and 10.1% of 
the variation respectively.  The terms strongly correlated with GPA dimension 1 were 
‘interested/alert’ on low end of the scale and ‘sedate/sleepy’ on the high end.  Terms strongly 
correlated with GPA dimension 2 were ‘curious/content’ on the low end and 
‘aggressive/dominant’ at the high end.  
There was a significant treatment effect for GPA dimension 1 (mixed model ANOVA: 
F2,26=4.9, P=0.016; Table 6.3) but not for GPA dimension 2 (F2,26=2.5, P=0.100).  There was a 
significant difference between the early and middle time-points (F1,13=7.74, P=0.02) and the 
middle and late time-points (F1,13=5.139, P=0.04) but no significant difference between the scores 
for the early and late time-points (F1,13=1.036, P=0.033) (Figure 6.3).  Sows around the feeder 
early in the feeding cycle and later in the feeding cycle scored significantly on GPA dimension 1 
compared to the sows who fed in the middle; i.e. early and late sows were more ‘interested/alert’ 
around the feeder compared to the sows in the middle who were more ‘sedate/sleepy’.  
Several significant correlations between the QBA scores and the quantitative behaviour 
scores for the video clips were found.  There was a significant positive correlation with GPA 
dimension 1 scores and lying behaviour (rs124=0.897, P=0.05; Table 6.4) indicating that are likely to 
be scored as ‘sedate/sleepy’ when performing this behaviour.  There was a significant negative 
correlation between GPA dimension 1 scores and the standing (rs124=-0.546, P=0.05), investigating 
the feeder (rs124=-0.638, P=0.05), aggression (rs124=-0.365, P=0.05).  Walking also had a negative 
correlation with GPA dimensions 1 (rs124=-0.557, P=0.05).  This indicates that sow who are 
standing, investigating the feeder, being aggressive or walking were more likely to be scored as 
‘interested/alert’ by observers but ‘sedate/sleepy’ when lying down.   
Study 2: Mixing vs. 7 days post-mixing: The GPA consensus profile explained 55.69% of 
variation among the 14 observers and this varied significantly from the mean randomised 
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consensus profile (t99=15.65; P=0.001).  The GPA dimensions 1 and 2 explained 53.4% and 14% of 
the variation respectively.  Terms most strongly correlated with GPA dimension 1 were ‘relaxed/ 
calm’, on low end of the scale and ‘active/tense’ on the high end.  Most strongly correlated terms 
for GPA dimension 2 were ‘frustrated/sleepy’ on the low end and ‘curious/aware’ on the high end.   
There was a significant effect of gestation stage on GPA scores with sows at mixing scoring 
higher in GPA dimension 1 stage (mixed model ANOVA F 1,13 =15.4, P= 0.002) and GPA dimension 2 
(F 1,13=15.1, P= 0.002) compared to the sows at 7 days post mixing (Table 6.3).   
GPA dimension 1 scores were positively correlated with walking (rs82=0.555, P<0.05; Table 
6.4) in the video clips.  There was also a significant positive correlation between GPA dimension 2 
scores and investigating the feeder (rs82=0.735, P<0.05).  This suggests that sows that were 
walking were likely to be scored as ‘active/tense’ by observers and ‘curious/aware’ when 
investigating the feeder.   
Study 3: Mixing vs. re-penning: The GPA consensus profile explained 59.96% of variation 
among the 14 observers and this varied significantly from the mean randomised consensus profile 
(t99=19.29; P=0.001).  The GPA dimensions 1, 2 and 3 explained 58%, 14.9% and 9% of the 
variation respectively.  The most frequently used terms for GPA dimension 1 were ‘calm/relaxed’ 
on low end of the scale and ‘active/ tense’ on the high end.  Most common terms for GPA 
dimension 2 were ‘bored/submissive’ on the low end and ‘confident/satisfied’ on the high end.  
Terms associated with the low end of GPA dimension 3 were ‘aimless/ bored’ and ‘calm/happy’ 
on the high end.   
There was no significant effect of gestation stage on the QBA scores on GPA dimension 1 
(F1,180=0.147, P= 0.702; Table 6.3).  However, sows at mixing scored significantly higher on GPA 
dimension 2 and 3 compared to sows at re-penning (Figure 6.5).  There was a significant effect on 
GPA dimension 2 (F1,180=69.905, P<0.001) and dimension 3 (F1,180=69.640, P<0.001).  
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The mixing vs. re-penning GPA dimension 2 scores were negatively correlated with lying 
(rs76=-0.779, P<0.05) but positively correlated with standing (rs76=0.768, P<0.05) (Table 6.4) in the 
video clips.  This indicates that sows that were lying down were likely to be scored as 
‘bored/submissive’ by observers and ‘confident/satisfied’ when standing or investigating the 
feeder.  No correlations were found with any behaviour and GPA dimension 3 scores.   
 Discussion 6.5
This study identified changes in the activity levels at the entrance to the Electronic Sow 
Feeder (ESF) at different times in the feed cycle, as well as for different stages in gestation and 
when sows were re-penned.  The activity of the sows present at the front of the feeder changed 
over the duration of their first feed as a group but also throughout their gestation.  There was also 
difference in the incidences of aggression over the test period, with more aggressive interactions 
at re-penning.  The change in time budgets was directly reflected in a change in the demeanour of 
the sows evident from the QBA for comparisons at three time points on the first night after 
mixing, comparing mixing with 7 days post-mixing, and mixing vs. re-penning.   
Direct comparisons between ESF studies are complicated.  The behaviour of sows housed in 
groups with ESFs are reported be influenced by a great number of factors (Chapinal et al., 2008; 
Spoolder et al., 2009), including the type of group composition, and the type of ESF installed, 
since ESFs vary in the level of protection offered to the sow, how the feed is distributed and the 
feed allowance (restricted or ad libitum).  ESFs are mainly used in large dynamic groups (Bressers 
et al., 1993; Chapinal et al., 2008) and so the relevance to the commercial application is taken into 
account when comparing previous studies to the present investigation.  
The overall behaviour of the sows changed significantly over the first feeding cycle with 
sows tending lay around the feeder.  At mixing, just prior to the feeder being turned on there was 
some socialising, however this reduced by the middle of the night.  As time progressed into the 
morning, the sows were investigating the feeder, standing and socially interacting.  This pattern 
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conforms to the findings of Chapinal et al. (2008), who showed that the use of the ESF was higher 
in the early part of the feeding cycle and increased again in anticipation for the start of the next 
cycle.   
Previous studies have reported that sows in systems with ESFs laid down more than sows 
fed in stalls or by trickle feeders (Chapinal et al., 2010a) and when they are feed restricted 
(Terlouw et al., 1991).  The present study found high overall averages of sows were lying around 
the entrance to the feeder.  At mixing, there was more lying in front of the feeder at the 
beginning of the night, while the amount of investigation of the feeder increased, which was the 
opposite pattern evident at the other time points.  There was a greater incidence of investigation 
of the feeders as time went on.  Similarly, Chapinal et al. (2010b) also demonstrated that sows in 
ESFs showed more interaction with their environment compared to sows fed in stalls or by trickle 
feeders.  By 7 days post-mixing, the ‘feed order’ would be established (Hunter et al., 1988; 
Chapinal et al., 2008), thus changing the motivation to be present at the feeder entrance.  This 
appears to be reflected in the change in activity in the area immediately in front of the feeder 
demonstrated in this study, with sows less likely to lie around the entrance to the feeder as time 
went on.   
Investigative behaviour around the feeder may be linked to foraging behaviour or 
defending the feeder (Nielsen et al., 1995) and there is a strong effect of social influence on such 
behaviour (Young and Lawrence, 1994).  Investigation may also be reflective of ‘queuing’ 
behaviour that is common surrounding ESFs.  It is also possible that due to inherent 
photoperiodicity, pigs are generally unwilling to feed at night (Feddes et al., 1989; Nielsen et al., 
1995) which may explain why there is a decrease in lying around the feeder and an increase of 
more active behaviour in the morning (i.e. later in the feeding cycle).  The start of the feeding 
cycle as well as the daylight hours appears to be a trigger for activity around the feeder.   
In our study, most aggression occurred early in the feed cycle.  The sows were feed 
restricted which causes animals to synchronise their activity (Hagelsø-Giersing and Studnitz, 1996; 
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Petherick et al., 1987) and causes frustration and consequently aggression (Hunter et al., 1988; 
Meunier-Salaun et al., 2001; Zonderland et al., 2004; Chapinal et al., 2010b).  It is generally the 
more dominant sows that feed first (Cswemely, 1989; Hunter et al., 1988; Chapinal et al., 2008; 
Manteuffel et al., 2010), block the feeder more often (Manteuffel et al, 2010), and generally 
initiate aggressive behaviour (Edwards et al., 1994; Hodgkiss et al., 1998).  In addition, sows that 
feed early in the feeding cycle are generally higher in social rank (Chapinal et al., 2010b).  
Frustration and anticipation of the scheduled meal usually means an increase in arousal (Haskell 
et al., 2000) may also contribute to aggression early in the feed cycle.  The start of the feeding 
cycle would represent the longest period of time since the last feed for dominant sows and so this 
may explain why the aggression was highest early in the cycle.   
Interestingly, most aggression occurred after the sows were moved into different pens.  
The reason behind this is somewhat speculative, but it could be that the first feed in a new pen is 
a novel experience for the sows and causes some animals to attempt to improve their social 
position and hence cause a disruption to their feed order. This result also contrast with finding of 
the QBA which suggested that sows were more ‘bored/submissive’ and ‘aimless’ at re-penning.  
This disparity is likely to be due to the difference in the time-points that were compared, with 
aggression being analysed early in the feed cycle and the QBA undertaken late in the feed cycle.  
Further investigation into social rank, parity and data from feeder visits would be useful in future 
investigation.   
There was a significant change in the demeanour of the sow between mixing (more 
‘active/tense’ and ‘curious/aware’) compared to 7 days post-mixing (more ‘relaxed/calm’ and 
‘frustrated/sleepy’).  At mixing, sows were also scored as more ‘confident/satisfied’ than they 
were at re-penning (more ‘bored/submissive’).  Such changes in the demeanour of the sows is 
potentially reflective of the establishment or stabilisation of the hierarchy and feeding order in 
the first week after mixing.  The QBA scores were also correlated with aspects of the time budget 
(of the video clips) of these animals, as has been reported elsewhere (reviewed by Fleming et al., 
 94 
 
In review).  For example, Lau et al. (2015) found that outdoor-raised piglets ate more and were 
scored as more ‘calm/passive’ compared with farrowing shed-raised piglets that spent more time 
investigating their environment and were scored as more ‘playful/inquisitive’.  Rutherford et al. 
(2012) found several meaningful correlations between QBA scores and activity for sows with or 
without analgesia, for example pen exploration was associated with a ‘confident/curious’ 
demeanour.  Such correlations between the animal’s body language and their activity provides a 
robust and more meaningful interpretation of the change in behaviour over time and with 
changes in group housing situations 
A study on call-feeders by Manteufell et al. (2010) found that higher-ranking sows spent 
significantly more time in front of the feeders than low ranking sows.  Future research should 
include an investigation into the establishment of individual feeding order and social rank in 
conjunction with QBA measurements.   
 Conclusion 6.6
This study found significant diversity in the type of behaviour performed at the entrance to 
the Electronic Sow Feeder.  With much of the activity taking place at the start of the feeding cycle 
and again during early daylight hours, these time points would appear to be important for the 
monitoring of sow welfare.  As expected QBA identified significant changes in the behavioural 
expression of the sows over their first night as a group but also after 7 days and when subjected 
to a new pen.  In order to reduce frustration surrounding sequential feeding systems such as 
Electronic Sow Feeders, QBA may be useful tool in designing husbandry and management 
protocol that could cater for individuality of sows.  As such, it would be advantageous for future 
investigation to incorporate feeder data to track individual sow behaviour throughout the 
gestation period in order to comprehensively understand social structure and behavioural 
patterns.   
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 Tables and Figures 6.8
Table 6.1:  Description of behavioural categories for time budget analysis 
 
Behaviour Description 
Lying Whole length of body on the floor, not supported by their 
legs 
Standing neutral All four legs supporting body with no ambulation and not 
touching anything with their nose or mouth 
Investigating feeder All four legs supporting body with no ambulation, with head 
pointing towards feeder and/or sniffing entrance of feeder 
Investigating pig (aggressive) All four legs supporting body, interacting with another sow 
in a negative manner, causing the recipient sow to react 
negatively  
Investigating pig (social) All four legs supporting body, interacting with another sow 
in a non-negative way 
Walking Ambulation: movement without touching anything with 
nose or mouth 
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Table 6.2:  Summary of the Mixed-Model ANOVA with behaviour as repeated measures testing of 
the effect of gestation stage (mixing, 7 days post-mixing, re-penning, 7 days after re-penning) and 
time of night on behaviour around electronic sow feeders (ESFs). 
 
 
df F P 
Gestation Stage 3 2.8 0.042 
Hour 16 1.3 0.191 
Behaviour 5 750.7 <0.001 
Gestation Stage x Hour 48 1.6 0.010 
Behaviour x Gestation Stage 15 26.4 <0.001 
Behaviour x Hour 80 1.8 <0.001 
Behaviour x Gestation Stage x Hour 240 3.6 <0.001 
Error 3185 
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Table 6.3: Terms used by observers to describe behaviour after mixing for Qualitative Behavioural Assessment (QBA) for mixing, mixing vs. 7 days post mixing and 
mixing vs. re-penning.  Terms are listed firstly according to the highest negative and positive correlation with Generalised Procrustes Analysis (GPA) dimensions 1 
and 2 of the consensus profile and secondly by the number of observers who used that term (indicated in parenthesis) if more than one.  Also presented are the 
results of the Mixed Model ANOVA’s for all three studies.  ns= not significant.  
Treatment  Low High Mixed Model ANOVA 
    effect df F P 
Mixing (first feed) GPA dimension 1 
(70.7%) 
Interested (2), Alert (3), Frustrated, Active (11), Anxious, 
Impatient, Lively, Agitated, Bored, Vigilant, Curious, 
Aggressive, Feisty, Excited, Playful, Excited, Aware (2) 
Sedate, Sleepy (5), Quiet(6), Relaxed, Quiet, 
Lazy,  
Relaxed (7), Calm (9), Comfortable (4), Happy, 
Chilled, Content, Laid Back 
Treatment 2 4.9 0.016 
Observer 13 0.3 ns 
Treatment x Observer 26 0.5 ns 
 GPA dimension 2 
(10.1%) 
Curious, Contented, Relaxed, Friendly Aggressive (5), Dominant, Territorial, Stressed, 
Upset, Worried, Angry, Intimidated, Nervous, 
Tense, Hostile 
Treatment 2 2.5 ns 
Observer 13 <0.1 ns 
Treatment x Observer 26  ns 
Mixing vs. 7 days post-
mixing 
GPA dimension 1 
(53.4%) 
Relaxed (5), Calm (3), Contented, Quiet (3), Comfortable, 
Sedate, Friendly, At Ease 
Active (8), Tense (2), Aggressive (4), Alert (3), 
Frustrated (3), Restless, Stressed, Feisty, 
Hostile, Upset, Nervous, Cautious, Playful 
Treatment 1 15.4 0.002 
Observer 13 0.2 ns 
Treatment x Observer 13 0.3 ns 
 GPA dimension 2 
(14%) 
Frustrated, Sleepy 
Dominant, Aggressive (2), Quiet, Territorial, Angry, Fidgety, 
Inquisitive 
Curious, Aware, Aimless, Bored Treatment 1 15.1 0.002 
Observer 13 <0.1 Ns 
Treatment x Observer 13 0.5 ns 
Mixing vs. re-penning GPA dimension 1 
(58%) 
Calm (7), Quiet (3), Relaxed (6), Sedate, Tired, Sleepy (4), 
Comfortable, Lazy (2), Laid Back, Chilled, Content (2) 
Active (7), Anticipatory, Worried, Impatient, 
Vigilant, Frustrated, Aggressive (2), Curious, 
Interested, Annoyed, Nervous, Tense (3), Alert 
(2), Intimidated, Excited (2), Frustrated, 
Stressed 
Treatment  1 0.4 ns 
Observer 13 <0.1 ns 
Treatment x Observer 13 0.4 ns 
 GPA dimension 2 
(14.9%) 
Bored, Submissive, Tired, Annoyed, Sleepy, Wary, Agitated 
(4), Eager, Edgy, Cramped, Frustrated, Stressed, Upset, 
Nervous, Aggressive (3), Anxious, Restless, Uncomfortable, 
Cramped, Hostile, Fidgety, Grumpy 
Confident, Satisfied, Happy (2), Relaxed, 
Sociable, Friendly, Active (3), Calm (2), Bored 
Treatment 1 29.9 <0.001 
Observer 13 <0.01 ns 
Treatment x Observer 13 2.4 0.004 
 GPA dimension 3 (9%) Aimless, Bored, Tense, Sad Calm, Happy, Relaxed, Social, Bored, Playful, 
Active 
Treatment 1 30.0 <0.001 
Observer 13 <0.1 ns 
Treatment x Observer 13 2.3 0.006 
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Table 6.4: The results of the Spearman’s rank correlation (rs) between the proportion of sows 
performing each of the behavioural categories and all QBA scores for mixing, mixing vs. 7days and 
mixing vs. re-penning.  Only dimensions with significant interactions are presented in this table.  
**P<0.05 
 
 
Mixing  Mixing vs. 
7days 
 Mix vs. Re-
penning 
 
GPA 1 GPA 2 GPA 1 GPA2 GPA 2 
Lying 0.897** ns ns ns -0.779** 
Standing -0.546** -0.559** ns ns 0.768** 
Investigating Feeder -0.638** ns ns 0.735** n 
Aggression -0.365** ns ns ns ns 
Investigating pig (social) ns ns ns ns ns 
Walking -0.557** ns 0.555 ns ns 
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Figure 6.1:  Activity patterns for the four gestation stages (days) average count of individuals within the feeder zone demonstrating one of six behaviour 
categories (Table 6.1).  Each individual bar represents all the data collected over a 1-hour period. 
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Figure 6.2:  Incidence of aggression recorded over 10-min focal times for the four gestation stages 
mixing, 7 days post-mixing, re-penning and 7 days after-repenning. 
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Figure 6.3: The average Qualitative Behavioural Assessment (QBA) scores for sows present early 
(E), middle (M) and late (L) in the first feed cycle at mixing on Generalised Procrustes Analysis 
(GPA) dimension 1. Error bars denote 0.95 confidence intervals.  The letters indicate a significant 
difference that was a result of the post-hoc Pairwise ANOVA. 
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Figure 6.4:  The results of the one way ANOVA illustrating the positions of the sows on GPA 
dimensions 1 and 2 at mixing (M) and 7 days (7D) into groups with an Electronic Sow Feeder (ESF). 
Error bars denote 0.95 confidence intervals. 
 
 
M 7D
Treatment
0.96
0.97
0.98
0.99
1.00
1.01
1.02
1.03
1.04
G
P
A
 d
im
e
n
s
io
n
 2
M 7 D
Treatment
-0.04
-0.03
-0.02
-0.01
0.00
0.01
0.02
0.03
0.04
0.05
G
P
A
 d
im
e
n
s
io
n
 1
Frustrated, Sleepy 
Curious, Aware 
Relaxed, Calm 
Active, Tense 
 104 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.5: The results of the one way ANOVA illustrating the positions of the sows on GPA 
dimensions 2 and 3 at mixing (M) and re-penning (RP) into groups with an Electronic Sow Feeder 
(ESF). Error bars denote 0.95 confidence intervals.
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 Abstract:  7.1
As the Australian pork industry moves away from individual to group housing of sows in 
gestation, group composition is an important consideration for producers.  Producers will typically 
put sows from a range of parities together to form a group, although the impacts of such a 
practice are largely unknown.  The aim of the present study was to determine how the 
behavioural expression at mixing differed between young, mid-parity, and older sows. Ten groups 
of mixed-parity sows (parities 1-9; n=10 per parity) were housed at a commercial piggery in a pen 
with ten individual free-access feeding stalls and a common slatted area.  Cameras captured 
continuous video footage of the sows for the first 90 minutes from the point of mixing.  
Qualitative behavioural expression (scored through Qualitative Behavioural Assessment; QBA) 
was compared for sows from parity two, four and six.  Ten individuals from each of the parity 
groups were identified from continuous footage and assessed by 16 observers using a Free Choice 
Profiling methodology followed by Generalised Procrustes Analysis (GPA).  Quantitative time 
budgets of the sows were also analysed.  There was significant consensus (P<0.001) amongst 16 
observers in terms of their assessment of the behavioural expression of the sows. There was a 
significant effect of parity on GPA dimension 1 (F2,477=4.93, P=0.007), with parity two and six sows 
scored as more  ‘calm/subdued’  than parity 4 animals, which were more ‘active/dominant’. There 
was also a significant effect of parity on GPA dimension 2 (F2,477=19.10, P<0.001), with parity 2 
sows scored as more ‘curious/interested’ while parity four and six sows were more 
‘anxious/upset’.  Sows scored as more ‘calm/subdued’ (GPA1) spent a greater proportion of time 
standing (rs 8=0.585, P<0.05) while sows scored as more ‘active/dominant’ (GPA1) spent more 
time performing avoidance behaviour (rs 8=-0.470, P<0.05).  The significant differences in the body 
language of sows of different parity is an important step in identifying how sows initially respond 
to mixing in different group environments.  Managing sow groups according to parity may 
improve the welfare of the individuals in the group and hence warrants further investigation.  
Key Words:  Sow, parity, behaviour, qualitative behavioural assessment, QBA, group housing 
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 Introduction: 7.2
As the Australian pork industry moves away from individual housing of sows towards group 
housing during gestation, the welfare of the animals within groups is becoming a major 
consideration in how producers manage their breeding herd.  Sows in commercial group housing 
systems are managed in many different ways.  Some systems maintain same-parity groups, 
although mixed-parity groups are more common.  The Australian pig industry as made the 
voluntary commitment to group house all gestating sows 5 days after mating as of 2017.  
Understanding the effects of mixed-parity housing on sow behaviour and welfare will contribute 
to development of these new industry standards and practices. 
Pigs are social animals that establish a dominance hierarchy, with a ‘pecking order’ of high 
ranking and subordinate sows.  Although there is little consensus on the effect that parity has on 
behaviour (Spoolder et al., 2009), older sows fight more frequently (Strawford et al., 2008) and 
higher-ranking sows are generally of a higher parity (Hunter et al., 1988; Brouns and Edwards, 
1994; Arey, 1999).  Younger sows fight less, but receive more agonistic advances and therefore 
sustain more injuries as a result of aggression (Hodgkiss et al., 1998; Strawford et al., 2008; Li et 
al., 2013).  Salak-Johnson et al. (2007) found that intermediate-parity sows (parity 2, 3 and 4) had 
fewer skin injuries (which are generally proportional to the amount of fighting occurring; Seguin 
et al., 2006) than older sows.  In addition to their position in the social hierarchy, older sows are 
likely to be more familiar with group housing conditions, which may affect welfare-relevant 
behavioural responses (Barnett et al., 1987), such as more lying and less investigative behaviour.   
Finally, older sows are also physically larger (McGlone et al., 2004a), need more space, and take 
more time to lie down (Curtis et al., 1989; McGlone et al., 2004a) than younger sows.  Together 
these factors indicate that breeder sows will have different experiences of the environment that 
vary with parity.   
Many studies have focussed on negative aspects of behaviour under group housing 
conditions, such as fighting (Broom et al., 1995) or the development of stereotypies (Von Borell 
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and Hurnik, 1991).  Other quantitative and qualitative behavioural responses may also be 
influenced by mixing sows of different parity number in group housing.  A comprehensive analysis 
combining methods is therefore warranted.  The aim of the present study was to quantify 
differences in behavioural responses at mixing for sows of different parity (parity 2, 4 and 6).  We 
compared quantitative and qualitative aspects of behaviour for sows mixed into groups with free 
access feeding stalls at 5 days post-mating (new industry standards).  The hypothesis was that 
higher parity sows would show different behavioural expression compared to younger sows.   
Many animal welfare assessment methods tend to quantify individual behavioural or 
physiological variables, which are often measured in isolation. By contrast, holistic approaches, 
which measure multiple aspects of an animal’s interaction with its environment, may capture 
more information (Wemelsfelder et al., 2000).  Qualitative behavioural assessment (QBA) 
quantifies the behavioural expression or “body language” of an animal (Wemelsfelder, 2007) and 
has been validated as an effective tool to measure the behavioural expression of several species 
of animals, including pigs (Wemelsfelder et al., 2000; 2001; 2012; Temple et al., 2011a, 2011b; 
Rutherford et al., 2012; Morgan et al., 2014; Lau et al., in review).  As an additional tool to 
standard quantitative measures, QBA may inform how individual sows of different parity interacts 
with other pigs and their environment during mixing into group housing. 
 Materials and Methods  7.3
7.3.1 Animals and housing, collection of video footage 
All experimental procedures were reviewed and approved by the Animal Ethics Committee 
at Murdoch University (Perth, Australia Permit Number O2441/11).  Ten groups of n=10 mixed-
parity (parities 1-9) sows were housed at a commercial piggery in Western Australia in group pens 
that were converted from individual housing mating/gestation stalls (layout and dimensions of 
the pen are shown in Figure 7.1 and were provided with at least 1.8m2 per sow.  The pens were 
made up of ten individual free-access feeding stalls with a concrete floor and a common area with 
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a slatted floor.  Water was provided ad libitum in the stalls via a trough that ran the length of the 
pen and food was deposited on the concrete floor area of the stalls by an automatic feeder 
(although no food was provided at the time of filming).  Data was collected from January to June 
2012.   
Each sow was randomly assigned into a group 5 days post-mating by the piggery staff.  All 
sow tag numbers and parities were recorded.  Due to the nature of the recording system at the 
piggery, we were unable to determine if any of the sows had been housed together previously 
however since the piggery had practiced group housing during gestation for some time (3+ years) 
we assumed that that there may be some level of familiarity.  That is, there is a high likelihood 
that some sows within a group had been previously housed together.  The parity records for each 
sow were established from mating records (collected in EliteHerd v. 2.9.5.0 Auckland, New 
Zealand). 
Three video cameras (digital Panasonic SDR-H250, HC-V500M) were fixed to each pen.  One 
camera (‘wide-angle camera footage’) was placed in the corner of the pen to capture the activity 
in the central common area, and two cameras were placed in front of two stalls to aid in sow 
identification for the wide-angle camera footage.  Cameras were left running for 90 minutes from 
the time of mixing because the first 60 minutes after mixing into group pens is generally 
considered the most important with regard to welfare, as this is when most of the aggression 
occurs and when most injuries are sustained (Mount and Seabrook, 1993; Symoens and Van Den 
Brande, 1969). 
7.3.2 Qualitative Behavioural Assessment 
QBA sessions were approved under the Murdoch University Human Ethics Committee 
(Perth, Western Australia; Permit number 2008/021).  Ten video clips of sows from each of parity 
2, 4 and 6 were captured (total 30 video clips).  These parities were chosen as being a 
representative of younger to older sows respectively.  All three parities were represented in each 
of the 10 groups.  The parity 2, 4 and 6 sows were identified (using footage at the feeder) by their 
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ear tags and identifying spray marks. A 1-minute duration clip (wide-angle camera footage) was 
isolated for each individual for each group from the continuous footage using Adobe Premier Pro 
CS3 and Adobe After Effects (Chatswood, NSW, Australia).  The selection criteria for identifying 
the focal sows were that the entire animal could be seen and that there were no background 
distractions (such as vision of staff or other pens), which could possibly affect the context of the 
video images.  A vignette highlighting the focal individual was video-edited in place, reducing the 
brightness of its surrounds so that vision of other sows did not distract observers.  For 10 sows 
that moved from the field of view before the full 1 minute, footage was looped to make up the 1 
minute clip.   
All observers participated in the study on a voluntary basis.  Sixteen observers were 
recruited by advertising on notice boards around Murdoch University.  An information sheet was 
distributed to each observer describing how to perform a QBA but no detail of the experimental 
treatment were given (i.e. observers were blinded to the parity score differences).  The 
information pack also included a questionnaire asking about demographics, experience with pigs, 
and perceived understanding and attitudes towards animal welfare in Australia.  Three observers 
were postgraduate students in the animal and veterinary science fields, seven were 
undergraduate students in either veterinary or animal science studies, and the remaining six 
worked full time in various different roles including retail, mining, mechanics, public service and 
hospitality.  
Free choice profiling methodology (FCP) was used to generate descriptive terms, described 
in detail by Wemelsfelder et al. (2001).  Briefly, observers attended a term generation session, 
where they were shown video clips that demonstrated a wide range of behaviour and each 
observer generated their own descriptive terms to describe how the individual animals were 
behaving.  Observers subsequently attended a second viewing session, where they scored the 
treatment video using a visual analogue scale system on Excel spreadsheets (Microsoft Office 
2007).  Observers were asked to score the behaviour of the sows on a 100-mm scale next to each 
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of their descriptive terms from 0 = min to 100 = max according to the degree that each behaviour 
was expressed by the focal sow.  Every term was quantified for each of the 30 clips.  
The scores developed for each of the clips by the observers were then analysed by 
Generalised Procrustes Analysis (GPA) using a specialised statistical program (GENSTAT 2008, VSN 
International, Hemel Hempstead, Hertfordshire, UK).  A detailed description of all GPA procedures 
is outlined in Wemelsfelder et al. (2000; 2001).  Briefly, GPA calculates a ‘best fit’ or consensus 
profile.  The percentage of total variation explained by the consensus profile is expressed as the 
Procrustes Statistic.  The significance of the Procrustes Statistic is tested against a randomised 
data set using a one-way t-test to determine a whether the observer profile falls significantly 
outside the distribution of the randomised profiles (95% confidence interval).   
A Principal Components Analysis (PCA) was used to reduce the number of dimensions to 
two or three main dimensions.  The GPA dimensions were interpreted by identifying terms that 
had the strongest correlations (r) with each GPA dimension.  These terms were identified by 
calculating >75% of the highest absolute correlation coefficient value for that dimension (Mardia 
et al., 1979), which was r>0.7 for GPA dimension 1 and r>0.5 for GPA dimension 2.   
Each of the video clips (sows) was subsequently assigned a score on each GPA dimension.  
GPA dimension 1 and 2 scores were not significantly different from a normal distribution (Shapiro 
Wilk and Lilliefors tests) and the parity groups had equal variance (Levene’s test).  A mixed model 
ANOVA (Statistica, StatSoft Inc, 2001) was therefore performed to determine if there was an 
effect of parity group (fixed factor) on the GPA dimension scores (GPA dimension 1 and GPA 
dimension 2 scores each tested as dependent variables in separate analyses), with observer ID 
included as a random factor. Post-hoc pairwise ANOVAs comparing the GPA dimension scores 
between each parity group (fixed factor) were performed with observer ID included as a random 
factor.  
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7.3.3 Activity profiles and relationship with QBA scores 
An activity profile was developed for the focal sow in each of the 30 clips shown to the 
observers.  This was done in order to better represent what the observers actually saw in the 
video clips.  The proportion of time the sow spent performing each of seven behavioural 
categories (Table 7.1) was recorded over the duration of the 1-minute video clip and analysed 
using a multivariate ANOVA with the proportions of time in each behaviour category as the 
dependent variables and parity score of the sow as the categorical factor.  The GPA scores and 
behavioural data were compared using Spearman Rank Order correlation (Statistica, StatSoft Inc, 
2001).  
 Results: 7.4
7.4.1 Qualitative Behavioural Assessment (QBA) 
A total of 124 descriptive terms were developed by the 16 observers.  The GPA consensus 
profile explained 49.75% of variation among the 16 observers, and this varied significantly from 
the mean randomised consensus profile (t99=27.36; P=0.001).  GPA dimensions 1 and 2 explained 
38.6% and 12.5% of the variation, respectively.  The dimensions were largely semantically 
consistent (i.e. although the observers used different terms, they used them in a similar way so 
that their meanings were assumed to be comparable). The terms most strongly correlated with 
GPA dimension 1 were ‘active/dominant’ on the low end of the scale, and ‘calm/subdued’ on the 
high end.  Terms most strongly correlated with GPA dimension 2 were ‘curious/interested’ on the 
low end and ‘anxious/upset’ and on the high end.  Table 7.2 gives a full list of the terms most 
strongly correlated with these two GPA dimensions.  
Both GPA dimensions showed a significant effect of parity (GPA dimension 1: F2,477=4.93, 
P=0.007; GPA dimension 2: F2,477=19.10, P<0.001) but no observer effect or parity x observer ID 
interaction (Table 7.2).  There were differences between parity 2 and 4 (F1,477=11.84, P=0.004) and 
4 and 6 (F1,477=8.41, P=0.011) for GPA dimension 1 (Figure 7.2).  There were significant differences 
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between parity 2 and 4 sows (F1,477=46.64, P<0.001) and parity 2 and 6 sows (F1,477=25.84, 
P<0.001) for GPA dimension 2.  Parity 2 animals were scored as more ‘calm/subdued’ (GPA 
dimension 1) and more ‘curious/interested’ (GPA dimension 2).  Parity 4 sows were scored as 
more ‘active/dominant’ (GPA dimension 1) and more ‘anxious/upset’ (GPA dimension 2).  Parity 6 
sows scored were scored as more ‘calm/ subdued’ (GPA dimension 1), but unlike the parity 2 
animals, they were less ‘curious/interested’ (more ‘anxious/upset’; GPA dimension 2). 
There was no effect of parity on the behaviour scored in the activity profile (MANOVA: 
F12,44=1.19, P=0.319) although we note that these activity profiles were derived from only a short 
period of time (1 minute clip per animal).  GPA dimension 1 scores were positively correlated with 
the proportion of time spent standing (Spearman’s Rank Order correlation: rs 8=0.585, P<0.05) 
with animals scored as more ‘calm/subdued’ also spending more time standing (Table 7.2).  There 
was a significant negative correlation between GPA dimension 1 scores and the proportion of 
time spent performing avoidance behaviour (rs 8=-0.470, P<0.05) with animals scored as more 
‘active/dominant’ scored as showing more avoidance behaviour.  No other significant 
relationships between GPA scores and the other behaviour were identified.  There were also no 
significant correlations between GPA dimension 2 scores and the activity profile data.   
 Discussion: 7.5
We recorded differences in the body language or demeanour of parity 2, 4, and 6 sows at 
mixing into unfamiliar groups.  There were also correlations between the QBA scores and the 
proportions of time the pigs spent standing and avoiding conflict.  These differences in how sows 
interact with their new surroundings are likely to be reflective of how they adjust to their 
surroundings.  The potential for different responses should therefore also be taken into account 
when analysing behaviour of sows at mixing.   
Previous studies of sow behaviour have shown conflicting evidence of parity effect in 
groups (Spoolder et al., 2009).  For example Salak-Johnson et al. (2007) reported fewer skin 
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lesions (as a result of fighting) on younger sows compared to older sows, but Hodgkiss et al. 
(1998) reported significantly more injuries on low parity sows compared to higher parity sows.  
Despite these conflicting results, Hodgkiss et al. (1998) did not recommend that gilts or young 
sows be housed separately as overall injury score was low for all of the test-groups.  By contrast, 
Li et al. (2013) suggested that sorting groups by parity shielded young sows from severe injury.   
The younger sows in the present study (parity 2) were scored as more ‘calm/subdued’ (GPA 
dimension 1) and ‘curious/interested’ (GPA dimension 2).  The calmness, curiosity and interest 
detected in the demeanour of the parity 2 sows may reflect the novelty with their new 
environment.  Similarly, younger sows are smaller in physical size and weight (Curtis et al., 1989; 
McGlone et al., 2004a; Li et al., 2010), and they may experience fewer physical limitations in the 
avoidance of conflict, such as a faster retreat or increased agility.  Younger sows in mixed parity 
groups are more likely to avoid aggressive interactions than sows housed with others their own 
age (Strawford et al., 2008; Li et al., 2013).  The present study supports Salak-Johnson et al. (2007) 
who found that young sows are not necessarily at a disadvantage within a mixed parity group.   
The older sows in the present study (parity 6) were scored as more ‘calm/subdued’ (GPA 
dimension 1) and ‘anxious/upset’ (GPA dimension 2).  With regard to aggression, older sows are 
larger and they are likely to be involved in the most fights (Meese and Ewbank, 1973; Rushen, 
1987), but also win most fights (Moore et al., 1993; Jensen et al., 2000).  These older, heavier 
sows are consequently usually higher in the social rank compared to younger sows (Martin and 
Edwards, 1994).  Since older sows are generally heavier and larger (Curtis et al., 1989; McGlone et 
al., 2004a), they may experience greater physical limitations on activity levels.  Larger sows are 
more likely to slip over (Bonde et al., 2004) and take more time to lie down (McGlone et al., 
2004a) which may cause frustration, especially in the presence of more ‘active’ younger sows.  
This frustration may be what the QBA has detected by describing the parity 6 sows as 
‘calm/subdued’ yet ‘anxious/upset’. 
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The intermediate-parity sows in the present study (parity 4) were scored as more 
‘active/dominant’ (GPA dimension 1) and ‘anxious/upset’ (GPA dimension 2).  There has been 
some research into the experience of gilts and lower-parity sows in group housing (e.g. Strawford 
et al., 2008; Li et al., 2013) but considerably less research on intermediate parities.  Previous 
studies have shown that intermediate parity sows had fewer injuries than younger sows but are 
involved in more aggressive interactions (Strawford et al., 2008).  If older, more mature sows are 
higher ranking within the hierarchy and younger sows are subordinate, one would expect that 
intermediate sows are somewhere in the middle.  The behavioural expression of the parity 4 sows 
described by GPA dimensions 1 and 2 may be reflective of the need to establish their position 
within the social hierarchy.  One would assume that parity 4 sows have the experience (compared 
to younger sows) to know that establishing not only their position within a hierarchy.   
In contrast to parity 2 and 6 sows, parity 4 sows were scored as more ‘active/dominant’ and 
these terms were negatively correlated with avoidance.  Avoidance behaviour is a component of 
agonistic behaviour and is closely related to aggressive behaviour (Jensen, 1984) that may 
indicate that parity 4 sows are moving away from threats.  However there is limited information 
on other behaviour (such as social, non-aggressive interactions) in relation to parity.  Mount & 
Seabrook (1993) similarly found no effect of age weight or parity aggression on aggression.  Hoy 
et al. (2009) found that aggression was not influenced by median parity, rather by body weight in 
sows of parity 4 or above.  In the present study, activity profile analysis was only carried out on 
the behaviour in the 1-minute video clips and in a relatively low sample size (30 individuals).  It is 
expected that longer periods of time using more animals would yield more meaningful 
correlations between quantitative and qualitative behaviour.  
QBA or activity profiles each may not necessarily be robust as stand-alone measures of 
welfare in isolation (Andreasen et al., 2013), but combining these two methods provides a 
powerful and very telling observational tool. Several previous studies have reported significant 
and meaningful relationships between behavioural expression and activity.  Rousing and 
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Wemelsfelder (2006) reported significant correlations with QBA scores and dairy cows, showing 
that agonistic behaviour was correlated with an ‘aggressive/bullying’ demeanor while those who 
were performing social licking were scored as more ‘playful/sociable’.  Similarly, Napolitano et al. 
(2012) reported that flight attempts in buffalo were associated with an ‘agitated’ appearance.  
Minero et al. (2009) found that horses that approached humans, made contact with and nibbled 
on the clothes of humans were described as ‘explorative/social’.  In the present study, a higher 
score on GPA dimension 1 (calm/subdued) may be interpreted as a more positive state of welfare 
compared to a lower score (active/dominant), showing that the avoidance and walking behaviour 
observed may also be associated with positive and negative states of welfare.  Rutherford et al. 
(2012) similarly found several relationships between QBA scores and activity levels in pigs.  For 
example, pen exploration was associated with a ‘confident/curious’ demeanour (Rutherford et al., 
2012).  In the present study, there was no correlation between quantitative behavioral scores and 
GPA dimension 2.  Rutherford et al. (2012) similarly found fewer correlations with activity and 
GPA dimension 2 scores compared with GPA dimension 1.  This suggests that the quantification of 
activity alone can be limiting compared with a holistic interpretation of emotionality, and 
essentially affective state of an animal. 
 Conclusion: 7.6
The demeanour of sows at mixing differs depending on their parity and therefore 
investigation into the effect of this emotionality on other aspects of welfare, reproductive 
performance or group dynamics warrants further investigation.  It would be valuable to assess 
single parity groups (sows of the same parity in one group) to see if the patterns are consistent.  
Because this study was carried out at a commercial breeder facility, our results are directly 
relevant to current industry practice.  It is a reality of group housing in commercial settings that 
sows of different parities are regularly mixed together.  The different behavioural response of 
sows of different parity highlights the importance of individual sow management within a group 
system.  These behavioural responses coupled with the type of group housing, the stocking 
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density, or the feeding system, are all important considerations with regard to providing sows 
what they need.  Future research investigating the response of individuals mixed into single parity 
groups would be advantageous in order to identify if single parity groups would accommodate the 
different levels of familiarity of the sows in a positive way.  
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 Tables and Figures 7.8
Table 7.1: Behaviour categories for quantitative time budget analyses of sows at mixing and 
activity profiles of the 1-minute video clips. 
   
Category Description 
1. lying (group or stall) 
Sternal or lateral recumbence  
2. sitting† 
Backside on ground with head 
up 
3. standing (group or 
stall)  
Standing only, no interaction 
with environment or other 
animals 
4. walking  
Moving across the pen or from 
one stall to another. No 
interaction with other animals 
5. investigating  
Animals sniffing or licking the 
pen or another animal 
6. aggression (biting 
neck/face/flank/tail, 
belly nosing)   
 
Agonistic encounter with other 
animals resulting in 
confrontation and/or avoidance 
behaviour 
7. avoidance 
Moving away from another 
animals in order to avoid 
interaction 
 
† Note that no sitting behaviour was observed in the video clips.  
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Table 7.2: Terms for all observers showing the highest correlations with Generalised Procrustes 
Analysis (GPA) dimensions 1 and 2 of the consensus profile.  Right-hand column shows results of 
the mixed-model ANOVA. 
 
   Mixed-model ANOVA 
 Low‡ High‡ effect  df F p  
GPA 
dimension 1 
(38.6 %) † 
 
Active (2), 
Dominant, 
Energetic 
Calm (2), Subdued, 
Chilled Out, Relaxed, 
Inactive, Restless 
Parity 2 6.4 0.005 P2=P6>P4 
Observer 15 <0.01 ns  
Parity x 
Observer 
30 0.7 ns  
Correlation₮ Avoidance 
rs28 = -0.470* 
Standing: 0.585*      
GPA 
dimension 2 
(12.5%) † 
 
Curious (4), 
Interested, 
Calm, 
Inquisitive, 
Playful, 
Bored 
Anxious (2), Upset, 
Uneasy, Angry, 
Defensive, Guarded, 
Depressed, Grumpy, 
Tense 
Parity 2 26.4 <0.001 P2<P4=P6 
Observer 15 <0.01 ns  
Parity x 
Observer 
30 0.7 ns  
Correlation₮  ns       
†Percentage of total variation in the data captured by each GPA dimension. 
‡Representative terms for each behavioural dimension were identified by calculating >75% of the highest 
absolute correlation coefficient value for that dimension (Mardia et al., 1979) which was r>0.7 for GPA 
dimension 1 and r>0.5 for GPA dimension 2.  Term order is determined firstly by the number of observers 
to use each term (in brackets if >1), and secondly by weighting of each term (i.e. correlation coefficient with 
the GPA dimension). 
₮ between GPA dimension scores for all 30 clips and the activity profile data (Spearman’s Rank Order 
Correlation): ns no significant correlation, * p<0.05.  There were no correlations recorded for lying, walking, 
aggression or investigation, and there were no significant correlations for GPA dimension 2. 
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Figure 7.1: Dimensions and layout where n=10 sows were mixed into groups.  Each pen had 10 
free-access feeding stalls (1.6 x 0.55 m; length x width).  The pens had a solid concrete floor with a 
central slatted floor dunging area.  Each sow had approximately 1.8m2 of floor space. 
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 2 
 3 
Figure 7.2: Results of One Way ANOVA showing that there was a significant difference between parity on Generalised Procrustes Analysis (GPA) dimensions 1 and 4 
2.  The letters indicate parities within each dimension that differ significantly from each other as determined by a post-hoc pairwise mixed-model ANOVAs.  Error 5 
bars denote 0.95 confidence interval.  6 
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a 
a 
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 Abstract: 8.1
In order for a breeding sow to be productive, the welfare of the animal must be 
maintained.  One event that can potentially compromise the welfare of a sow is the point of 
mixing into unfamiliar groups after mating. Qualitative Behavioural Assessment (QBA) was 
undertaken using a Free-Choice Profiling methodology (FCP) to establish if there was a 
relationship between the behavioural expression of individuals upon mixing into groups and 
their reproductive success.  Eighteen video clips of parity 4 and 5 sows at the point of mixing 
into groups of n=10 were shown to 15 observers.  The reproductive records for each of the 
sows were collected, which included whether the sow was culled, returned to oestrus, the 
number of piglets born alive, dead, mummified, the number that died prior to weaning and 
the number of piglets weaned.  The scores for each of the clips were analysed using a 
Generalised Procrustes Analysis (GPA).  56.87% of the variability was explained by observer 
consensus.  A Spearman’s Rank Order correlation showed no significant relationships 
between any of the reproductive parameters and the raw QBA scores for each of the 
individual sows.  It was also noted that four of the sows in the footage were culled prior to 
farrowing and one returned (was not pregnant).  The remainder of the sows had little 
variation in the number of piglets born alive.  There are several things that can impact on the 
reproductive success of a sow including stress, time of mixing, season, volume and type of 
feed and animal-handler relationship.  A flawed experimental design, which did not take 
these into consideration, contributed to the mixed results and QBA being unable to predict 
reproductive success in sows at the point of mixing.  Future experimental work should 
compare the behaviour of sows selected on their reproductive success rather than on parity 
alone.   
Keywords:  Production, Sow, Behaviour, Qualitative Behavioural Assessment, QBA, Group 
Housing
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 Introduction 8.2
The primary objective of a breeding herd is to maximise the reproductive success of 
sows i.e. number of piglets weaned per sow per year (Kirkwood and Zanella, 2005) while at 
the same time maintaining the welfare of the breeding animal.  It is widely accepted that 
stress impairs the reproductive success in many species, including pigs (Arey and Edwards, 
1998; Turner et al., 2005), and that a major contributor to this stress is the mixing of 
unfamiliar pigs into group housing (e.g. Barnett et al., 2001).  Therefore, the mixing into 
groups is an important consideration as this is when the sow will inevitably be exposed to 
social stress that may impact her on reproductive success.   
The association between the behaviour of sows at the point of mixing and their 
production has been previously investigated.  Aggression is an important consideration 
when housing pregnant sows together, as it can be detrimental to embryonic development, 
litter size and productivity (Kirkwood and Zanella, 2005; Spoolder et al., 2009).  As long as 
this stress does not occur at the critical time in the reproductive cycle, then acute stress 
does not have an impact on reproduction (Arey and Edwards, 1998; Turner et al., 2005).  
This study will use Qualitative Behavioural Assessment (QBA) to determine if there is a 
relationship between the behavioural expression of sows at mixing and how many piglets 
are born alive, born dead, born mummified or weaned.   
 Materials and Methods 8.3
8.3.1 Animals and housing, collection of video footage 
Ten groups of n=10 mixed parity (1-9) Large White, Landrace and Large White x 
Landrace sows were housed at a commercial piggery in Western Australia from January-
September 2012.  Each sow was randomly assigned by the piggery staff into her group 5 
days after her last mating.  The layout and dimensions of the group pen is shown in Figure 
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8.1.  The pen was 6.20 m x 3.05 m (length x width).  Each feeding stall averaged 1.06 m x 
0.55 m (length x width) with 10 free access-feeding stalls, which had a solid concrete floor.  
Each sow had approximately 1.8m2 each, including the slatted common area.  Water was 
provided ad libitum.  No food was provided at the time of filming.   
Three video cameras (using a number of digital Panasonic SDR-H250, HC-V500M 
camcorders) were assigned to each pen.  One camera was placed in the corner of the pen to 
capture the activity in the common area and two cameras were placed in front of a two 
stalls (according to logistical constraints of camera attachment) to aid in sow identification. 
Cameras were left running for 90 minutes from the time of mixing.  
All sow tag numbers and parity were recorded.  The parity of each individual sow was 
identified from the piggery mating records, which were obtained once sows had farrowed.  
Production records were acquired from the EliteHerd® (Genetic Solutions Limited, 
Palmerston North New Zealand, V2.5) including the number of piglets born alive, dead, 
mummified and the number of piglets weaned.  It was also noted that 4 of the sows were 
culled (but no details of why were recorded) and one returned to oestrus.  The experiment 
had been run before the reproductive data were obtained, and therefore they could not be 
used to inform experimental design.  In addition, details of cross-fostering events were also 
not recorded by piggery staff.  
8.3.2 Qualitative Behavioural Assessment 
QBA has been validated as an effective tool to measure the behavioural expression of 
several species of animals and has been shown to be applicable to pigs (Wemelsfelder et al., 
2000; 2001; 2012; Temple et al., 2011a, 2011b; Rutherford et al., 2012).  
Ten parity 4 and eight parity 5 sows were chosen, as these two parities were the most 
common within the ten groups filmed.  Numbers of parity 4 and 5 sows varied across 
groups.   Clips of the individual sows were isolated from the group footage.  Footage of one 
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sow was isolated from group five, two from group eight; three were taken from group one 
and six, four from groups three, seven and ten (18 sows total).  Eighteen video clips of 
approximately 1-minute in duration were selected from all 7 of the groups and were edited 
from the continuous footage using Adobe Premier Pro CS3 and Adobe After Effects 
(Chatswood, NSW, Australia).  The only selection criteria were that the entire animal could 
be seen.  Footage where piggery staff could be seen in the picture or vision of other pens 
was avoided to prevent distracting the viewer.  A vignette was used to highlight the focal 
sow.  
The QBA sessions were approved by the Murdoch University Human Ethics committee 
(Perth, Australia Permit number: O2/2008).  Fifteen observers (5 male and 10 female) were 
recruited by advertising on notice boards around Murdoch University.  Three of the 
observers were postgraduate students in the animal and veterinary science fields, six were 
undergraduates in either veterinary or animal science studies and the remaining six worked 
full time in various different roles including retail, horticulture, mechanics, public service and 
hospitality.  Only one of the observers had a specific interest or experience with pigs.  An 
information sheet was distributed to each observer describing how to perform a QBA but no 
details of any treatments were given.  One observer was subsequently removed from the 
study as they did not complete the session according to instructions.  
A Free choice profiling (FCP) methodology was used in this study.  FCP is described in 
detail by Wemelsfelder et al. (2001) and consists of two phases.  An initial term generation 
session had previously been undertaken by all participants, where they were shown 
specifically-chosen video clips that captured a wide range of behaviour and were allowed to 
generate their own descriptive terms to define the individual sows’ body language.  The 
observers are subsequently shown the ‘treatment’ video made up of the 18 clips with time 
interspersed for scoring.  The observers were provided with an Excel spread sheet, which 
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contained their previously generated terms (Microsft Office 2007).  Each observer was asked 
to score the behaviour of the sows on a scale next to each of their terms according to how 
well they believed the term described each clip.  Each score was automatically given a value 
ranging from 0-100 based on where on the line the mark as placed.  Every term was 
quantified for each of the 18 clips.  The scores developed for each of the clips by the 
observers were then analysed using a Generalised Procrustes Analysis (GPA) using a 
specialised statistical program (GENSTAT 2008, VSN International, Hemel Hempstead, 
Hertfordshire, UK).  A detailed description of all GPA procedures is outlined in Wemelsfelder 
et al. (2000; 2001).  This analysis identified underlying dimensions that captured the patterns 
of behavioural expression.   
The terms that each observer used to score the behaviour are correlated with each of 
the GPA dimensions and word lists produced for those terms that showed the strongest 
correlations (r) with each GPA dimension.  These terms were identified by calculating >75% 
of the highest absolute correlation coefficient value for that dimension (Mardia et al., 1979) 
which was r>0.7 for GPA dimension 1, r>0.6 for GPA dimension 2 and r>0.4 for GPA 
dimension 3.  The number of observers that used each term was counted.   
All scores for each observer for GPA dimensions 1 and 2 were tested to ensure they 
complied with the Shapiro Wilkes and Lillefor’s assumptions for normal distribution.  The 
significance of the test statistic was tested against a randomised data set using a t-test to 
determine a 95% confidence interval. 
8.3.3 Correlation between GPA scores and the reproductive success 
A Spearman’s Rank Order correlation was performed comparing GPA dimension 1 and 
2 scores with the reproductive data, including number of piglets born alive, number of 
piglets born dead, number of mummified piglets, number of piglets that died (during 
lactation), and the number of piglets weaned.  
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8.3.4 Results 
8.3.5 Qualitative Behavioural Assessment 
A total of 107 terms were developed by the observers.  The Procrustes Statistic 
indicated that the GPA consensus profile explained 56.87% of variation among the 15 
observers, which varied significantly from the mean randomised consensus profile 
(t99=19.09, P<0.001).  Two main GPA dimensions were identified, which explained 41.2%, 
12.3% of the variation in the sows respectively (Figure 8.2).  
The full list of terms correlated with the two GPA dimensions is shown in Table 8.1.  
The most frequently-used terms for GPA dimension 1 were ‘tired/sleepy’ on the low end of 
the scale and ‘active/happy’ on the high end.  Most common terms for GPA dimension 2 
were ‘angry/alert’ on low end and ‘calm/relaxed’ on the high end of the scale.   
8.3.6 Correlation between QBA score and reproductive success 
The Spearman’s Rank Order correlation found no significant correlations between the 
QBA scores for GPA dimension 1 and 2 with number of piglets born alive, born dead, 
mummified, piglets that died or the number of piglets weaned (Table 8.2). 
 Discussion: 8.4
There was no relationship between and behavioural expression of 18 sows at the 
point of mixing into group housing and the reproductive success of these individual sows.  
This result conforms to Kongsted (2006) who found no relationship between reproductive 
performance and aggression or lying behaviour in group-housed sows. Several potential 
reasons for the lack of a correlation are considered below.   
The experimental design was flawed due to low numbers of sows.  Rather than 
choosing sows based only on their parity, it would have been more advantageous to select 
the sows on their reproductive success to capture a greater range of reproductive outputs.  
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In the present study, only one of the 18 sows returned to oestrus, which could mean that 
she lost her pregnancy or that she simply did not fall pregnant. In addition, there were 4 
sows that were culled from our test groups, leaving only 13 sows to be analysed by 
correlating their reproductive output with the GPA dimension scores.  Had more sows been 
included in the study, a more comprehensive representation of a wider range of 
reproductive success or failures that may have found some meaningful correlations.  
Group housing does not necessarily lead to poor reproductive performance (England 
and Spurr, 1969; Bates et al., 2003; Kongsted, 2006), although there is considerable evidence 
to suggest that aggression at mixing into groups influences the reproductive success of sows.  
Stress as a result of aggressive encounters is an inevitable consequence of mixing unfamiliar 
sows into groups while they establish their social hierarchy (Meese and Ewbank, 1973; Arey, 
1999; Krauss and Hoy, 2011).  The timing of exposing sows to stress during pregnancy is an 
important consideration, and the ideal time point at which mixing after mating should occur 
continues to be debated.  Recommended time points range from 2 days (Kirkwood and 
Zanella, 2005) to over 1 month (Spoolder et al., 2009).  Generally it is agreed that stress at 
implantation phase, which occurs around 14 days post-mating (Christianson, 1992) should 
be avoided as this is when sows are most vulnerable to stress (Van der Lende et al., 1994; 
Turner and Tillbrook, 2006).  The fact that the sows in this experiment did not show a huge 
range in their reproductive success (only one return) may be due them being mixed at 5 
days post mating, in which case all of the aggression and stress would presumably be over 
by the time implantation took place.   
There are numerous other factors that may contribute to an unsuccessful pregnancy 
in the sow that may not necessarily impact their behaviour or body language at the point of 
mixing into groups.  Sow condition and feed intake are particularly important after mating 
up to around day 21 of pregnancy (Spoolder et al., 2009).  Based on the assumption that 
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certain group housing systems may cause some sows to have a reduced feed intake over the 
first few days after mixing, and therefore have an impaired ability to carry out a successful 
pregnancy, Kongsted (2006) found that sows that ate less were more likely to return to 
oestrus.  There are also season effects on sow fertility, with many sows retuning to oestrus 
between 25-30 days after insemination (Spoolder et al., 2009).  Furthermore, the 
stockperson-animal relationship throughout pregnancy can have an impact on the welfare 
and productivity of the breeding sow (Hemsworth, 2003). 
 Conclusion 8.5
Many factors can influence on the reproductive success of a sow, which have not 
been accounted for in this study.  Coupled with the low statistical power of the small sample 
size, this meant that no correlations between behaviour at mixing and reproductive success 
were recorded.  The focus of this study was too narrow to assume that the body language of 
the sows at mixing would be indicative of how successful their pregnancy would be at the 
point of mixing into groups.  Future studies taking into consideration the age, parity and 
success of the pregnancy, rather than parity alone, would improve this research and extend 
the scope of this area of study.   
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 Tables and Figures 8.6
Table 8.1: Terms used by observers to describe behaviour after mixing for Qualitative 
Behavioural Assessment.  Terms showing the highest negative and positive correlation 
with Generalised Procrustes Analysis (GPA) dimensions 1 and 2 of the consensus 
profile. 
§ between average GPA dimension scores all 18 clips and the reproductive performance 
(Spearman’s Rank Order Correlation; rs8): There were no significant correlations 
between the QBA scores for GPA dimension 1 and 2 and the number of piglets alive, 
dead, mummified or the number of piglets weaned (P<0.05). 
Low High 
GPA dimension 1 (41.2%) 
Tired (5), Sleepy (3), Sad (3), In pain (2), 
Depressed (2), Exhausted, Relaxed, Bored, 
Uncomfortable, Calm, Sore, Disappointed, 
Restless, Pained, Despondent, Shattered, 
Isolated, Lonely, Disinterested, Inactive, 
Downtrodden, Uninspired 
 
Active (3), Happy (3), Alert, Engaged, Aware, Playful, 
Curious, Social, Vibrant, Energetic, Frustrated, 
Frightened, Uneasy, Interactive 
Correlations GPA dimension 1
§
  rs8 
piglets born alive 0.159 
piglets born dead 0.487 
piglets mummified 0.022 
piglets died -0.022 
piglets weaned 0.238 
GPA dimension 2 (12.3%) 
Angry, Alert, In pain, Distressed, Grumpy, 
Cautious 
 
Calm (2), Relaxed  
Correlations GPA dimension 2
§
  rs8 
piglets born alive -0.276 
piglets born dead -0.081 
piglets mummified -0.212 
piglets died 0.226 
piglets weaned -0.427 
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 1 
Figure 8.1: Pen dimensions and layout where n=10 sows were mixed into groups. 2 
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 3 
  
 
 6 
Figure 8.2: A plot of where the individual sows lay on Generalised Procrustes Analysis (GPA) 7 
dimensions 1 and 2.  The number next to each point signifies the number of piglets born alive and 8 
the number in the parenthesis is the sow’s parity, ‘C’ =cull and ‘R’= return to oestrus.  9 
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 Abstract 9.1
This experiment was designed to directly compare the two methodologies used in Qualitative 
Behavioural Assessment (QBA) of sow behaviour; Fixed-Lists (FL) and Free-Choice Profiling (FCP).  A 
laboratory class of 27 students was separated into two groups of 10 and 17 students.  The FL group 
were given a list of 20 descriptive terms. They were then instructed to watch a video showing sows in 
group housing and as a group, identify all the behavioural expressions from the list so that all observers 
had a common understanding of all the terms.  The FCP group were shown the same footage but were 
allowed to generate their own terms to describe the body language of the animals.  The two groups 
then came back together and were shown 18 video clips of sows housed in two group pen designs.  The 
scores from the FL and FCP groups were then analysed using a Generalised Procrustes Analysis (GPA), 
which produced 2 significant dimensions for each group.  The FL and FCP showed high inter-observer 
reliability with 71.1% and 63.5% of the variation explained, respectively.  There was a significant 
correlation (r16=0.95, P<0.001) between GPA dimension 1 FL and FCP and a significant correlation 
between FL and FCP GPA dimension 2 scores (r16=0.50, P=0.034).  Further analysis of the raw FL scores 
generated by the observers for the terms was conducted using Principle Component Analysis (PCA) and 
Kendall’s coefficient of concordance (W), which is a measure of observer agreement.  The PCA 
produced 4 PC factors.  PC1 correlated significantly (r16==0.98, P<0.001) with the FL GPA dimension 1, 
and PC3 correlated significantly with GPA dimension 2 (r16==0.88, P<0.001).  The W ranged from 0.37-
0.64 and were all significant at P<0.001.  This study demonstrated that observers, regardless of whether 
they are given their terms or are allowed to generate their own, score sow demeanour in a similar way 
when conducting a QBA.  Strengths and weaknesses within the two methods were identified and 
discussed, which highlight the importance of providing thorough and consistent training of observers as 
well as providing good quality training footage so that the full repertoire of behaviour can be identified. 
 
Keywords: Sows; QBA; Free Choice Profiling, Generalised Procrustes Analysis (GPA), Fixed Lists, Visual 
Analogue Scale 
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 Introduction 9.2
Behaviour is the outward expression of physiological changes, and since it incorporates 
aspects of animal perception, cognition and emotions, inclusion of behavioural assessment has 
been widely recognised as important in the development of future welfare measures (Mellor, 
2012).  Qualitative Behavioural Assessment (QBA) makes use of observers to score animals on a 
scale against descriptive terms of the animals’ behavioural expression.  Behavioural expression is 
not what the animals are doing, but how it goes about doing what it is doing (Wemelsfelder et al., 
2000; 2001).  QBA therefore captures the expressive qualities or the ‘demeanour’ of an individual, 
in a dynamic, integrated measure that characterises behaviour as an expression of body language 
(Stevenson-Hinde, 1983; Feaver et al., 1986; Wemelsfelder, 1997; 2007; Wemelsfelder et al., 
2000).   
QBA of animals has been validated against physiological (Stockman et al., 2011; Stockman 
et al., 2012; Wickham et al., 2012) and quantitative behavioural measurements (eg. Napolitano et 
al., 2008; Stockman et al., 2014) under a range of experimental and on-farm treatments, in a 
number of different species.  These studies have used the Free-Choice Profiling (FCP) 
methodology, where multiple observers generate their own unique terms to describe behavioural 
expression and then use these to score the behaviour of the same set of animals (either watching 
the animals at the same time, or being shown the same footage).  These data are analysed by 
Generalised Procrustes Analysis (GPA), which identifies common patterns in the use of descriptive 
terms.  This is then followed by a Principal Components Analysis (PCA), which simplifies the 
numbers of dimensions of behaviour into two or three main dimensions.  
QBA has been included as one of 13 measures as part of the 2004-2009 European 
Commission’s Welfare Quality audit (Temple et al., 2011a; Andreasen et al., 2013).  Importantly, 
QBA was the only measure which captured positive welfare. The use of QBA as a method of farm 
welfare assessment, where generally only one observer scores each farm, means that the 
individual observers are not viewing the same animals/footage.  This has required the 
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development and use of fixed lists of descriptive terms that are used by all observers.  For fixed 
list analysis, the statistical processing of the pattern of observer scores relies heavily on their 
similar interpretation of the same set of descriptive terms.   
Recent reviews suggest that observer-based methods can be robust and perform a useful 
task in scientific investigations (Meagher, 2009; Whitham and Wielebnowski, 2009), however 
other authors have questioned their validity due to a lack of inter-observer agreement (Bokkers et 
al., 2012).  To investigate and develop this role, validation of QBA tools is necessary in terms of 
observer reliability, cross-validation against other methods, and understanding sensitivity to 
experimental treatment (Meagher, 2009; Wemelsfelder et al., 2009b; Bokkers et al., 2012; 
Fleming et al., 2013; Tuyttens et al., 2014).  The aim of this study was to compare the outcomes 
for observers who used a fixed list or the FCP method to assess groups of sows.  A direct 
comparison of the inter-observer reliability of these two methodologies has yet to be undertaken, 
and this study is therefore important in understanding the value and caveats of each 
experimental method. 
 Methods 9.3
9.3.1 Animals and experimental design 
Ethics approval for this study was granted by the Murdoch University Animal Ethics 
Committee (Permit Number O2441/11). Continuous footage (15 fps; Panasonic SDR-H250 
camcorders) was collected from a commercial piggery at the time of mixing groups of sows into 
an open pen, or a similar group pen that also had a 1.2 m high concrete partition that ran part-
way through the centre of the pen.  The sows had previously been housed in small groups n=10 
for approximately 3 weeks but at the time of filming, were remixed into new groups of n=15-18.  
The time point of 50-60 minutes post-mixing was chosen as an appropriate time point as a result 
of a previous study (Chapter 7).  Footage was edited (Adobe Premier Pro CS3 and Adobe After 
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Effects CS3, Chatswood, NSW, Australia) to produce video clips of 1-minute duration to show to 
observers for QBA.   
A series of 12 clips was used as the training video.  The 12 clips showed a range of 
behavioural expressions in order to provide observers with the opportunity to develop a wide 
range of descriptive terms.  The treatment video was made up of 18 video clips showing the 
groups with clips from the two different group housing conditions randomly ordered.  Nine clips 
showed sows mixed into an open pen and nine clips showed sows mixed into the partitioned 
pens.  Observers were not made aware of these treatment differences and the footage did not 
explicitly focus on the partition.   
Twenty-seven observers were recruited for this study as part of a laboratory session 
teaching Animal Science (n=22) and Veterinary Science (n=5) students about assessment methods 
for porcine behaviour.  The observers were then randomly split into two groups (which differed in 
numbers due to logistics).  Seventeen students used the Fixed List (FL) method and 10 the Free 
Choice Profiling (FCP) method.  Human ethics approval was obtained through the Murdoch 
University Human Ethics Committee.   
Within the group there were 22 females and five males.  Twenty-four of the 27 participants 
had been to farms that reared livestock and 11 had visited a pig farm.  Twenty-four had pets of 
their own.  Three rated their knowledge of animal welfare issues in Australia as strong, seven as 
good, 16 as average, and one as poor.  Twenty-two students thought that animal welfare could be 
improved in Australia, one did not, and four were unsure.  On average, the group scored their 
knowledge of welfare issues in the Australian pig industry as 39 out of 100 on a scale of 0=poor to 
100=excellent.   
9.3.2 Phase 1: Term generation and training 
Fixed list (FL).  The FL method requires all observers to use the same set of descriptive 
terms, which requires that they are trained to recognise these terms in common.  The 17 students 
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were provided with a list of the 20 terms which is used by Welfare Quality® protocol for pigs 
(Wemelsfelder and Millard, 2009).  The terms were arranged to ensure that contrasting terms 
were placed adjacent to each other and were (in order of appearance): active, relaxed, fearful, 
agitated, calm, content, tense, enjoying, frustrated, sociable, bored, playful, positively-occupied, 
listless, lively, indifferent, irritable, aimless, happy and distressed.  The observers watched the 
training video and were asked to call out the behaviour they were seeing from the list.  If a term 
from the list was not used in this first session, it was identified and observers were asked to 
specifically look for that behaviour in the clips, so that all terms were accounted for.  Observers 
were then asked to discuss how they interpreted each of the terms so that all observers had a 
common understanding within the group.  These descriptive terms were presented on an Excel 
spreadsheet (Microsoft Excel 2003, North Ryde, NSW, Australia) where each term was placed 
adjacent to a 100-mm visual analogue scale.  
Free Choice Profiling (FCP).  The FCP methodology allows observers to generate and use 
their own descriptive terms.  For this experiment, these 10 students were shown the training 
video and at the end of each clip, they were given as much time as they needed to write down 
descriptive terms they felt suitably described the expressive qualities of the observed animals.  
These descriptive terms were copied into lists and the duplicates were removed. They were then 
copied into an Excel (Microsoft Excel 2003, North Ryde, NSW, Australia) spreadsheet where each 
term was placed adjacent to a 100-mm visual analogue scale for scoring in the subsequent 
quantification session.  Due to time-constraints, we did not have time to edit any unsuitable 
terms that the observers may have developed (e.g. hungry) but these were eliminated before the 
data were analysed. 
9.3.3 Phase 2: Quantification 
All observers were brought back into one room after a short break.  They were then 
instructed to score the 18 treatment video clips using their respective rating scales; they were 
told to think of the distance between the zero-point and their mark on the scale as reflecting the 
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intensity of the group’s expression on each descriptive term.  One of the observers did not score 
all of the terms on for each of the clips and so was disregarded from the study. 
9.3.4 Statistical Analysis of FL and FCP scores 
To determine inter-observer reliability, the raw clip scores for the FL group were correlated 
using Kendall’s coefficient of concordance (W-coefficient).  This test is used for expressing inter-
rater agreement amongst judges who are seeing the same thing, and has previously been used to 
compare the ratings of observers for other QBA studies (Wemelsfelder and Millard, 2009; Bokkers 
et al., 2012; Phythian et al., 2013).  
Both the FL data and the FCP data were then analysed using Generalised Procrustes 
Analysis (GPA) (GenStat 10.2 VSN International, Hemel Hempstead, Hertfordshire, UK).  The GPA 
does not require a list of fixed terms in order to calculate a consensus or ‘best fit’ profile between 
observer assessments through complex pattern matching (Wemelsfelder, 2007).  Because each 
observer scores the same footage, GPA captures the similarity in scoring patterns between 
observers.  The level of consensus (i.e. the percentage of variation between observers explained) 
that was achieved is expressed as the Procrustes Statistic.  Whether this consensus is a significant 
feature of the data set, or, alternatively, an artefact of the Procrustean calculation procedures, is 
determined by comparison of the Procrustes Statistic with a randomisation test (Dijksterhuis and 
Heiser, 1995).  This procedure rearranges at random each observer’s scores and produces new 
permutated data matrices.  By applying GPA to these permutated matrices, a ‘randomised’ profile 
is calculated.  This procedure is repeated 100 times, providing a distribution of the Procrustes 
Statistic indicating how likely it is to find an observer consensus based on chance alone.  
Subsequently a one-way t-test is used to determine whether the actual observer consensus 
profile falls significantly outside the distribution of randomised profiles.   
Through Principle Components Analysis (PCA), the number of dimensions of the consensus 
profile is reduced to several main dimensions (usually two or three).  Interpretation of these 
consensus dimensions is made possible by selecting terms for each observer that correlated 
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strongly with the consensus dimensions (>75% of the highest absolute Pearson’s correlation 
coefficient value).  Each animal clip receives a quantitative score on each of the GPA consensus 
dimensions.  These data for each individual clip were compared for the two methods for the first 
two dimensions by Pearson’s correlation (Statistica 8.0; StatSoft-Inc, Tulsa, OK, USA).   
Finally, a Principal Component Analysis (PCA) (no rotation) on all observer data was also 
conducted on the FL data (Statistica 8.0). The PCA factor scores were compared with the GPA 
dimension scores by correlation matrix (Pearson’s correlation).  
Data were tested separately for normal distribution (Kolmogorov-Smirnov test), which 
indicated that none of the PCA and GPA dimension data were significantly different form a normal 
distribution (P<0.05).   
 Results 9.4
9.4.1 Fixed Lists 
Kendall’s coefficient of concordance (W) tests indicated significant concordance (p<0.001) 
in the use of all 20 of the FL descriptive terms (P<0.001) (Table 9.1).  The Kendall’s W values 
ranged from 0.37 (‘sociable’) to 0.64 (‘happy’).   
Table 9.1 describes how each of the fixed list terms was weighted on the PCA dimensions.  
The PCA generated four main factors that had Eigenvalues >1.0.  Terms that weighted most 
strongly for the first Principle Component (PC1; 37.58% of the variation in the groups’ behavioural 
expression data) were ‘calm’, ‘relaxed’ and ‘content’ at the low end of the dimension axis, and 
‘tense’, ‘agitated’ and ‘irritable’ at the high end of the dimension axis.  PC2 (17.89%) only had 
terms that were strongly correlated with the low end of the axis: ‘lively’, ‘playful’ and ‘indifferent’.  
PC3 (14.03%) ranged from ‘bored’, ‘listless’, and ‘aimless’ on the low end of the axis, and ‘active’, 
‘lively’ and ‘sociable’ on the high end of the axis.  PC4 (5.64%) consisted of terms ‘enjoying’ and 
‘happy’ on the low end of the axis and ‘sociable’ and ‘playful’ on the high end of the scale. 
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The GPA consensus profile for the FL group explained 71.14% of the variation in the 
observer scoring patterns, which were significantly different from the mean randomised profile 
(t99= 48.33, P<0.001) (Table 9.2).  Two main GPA dimensions explained a cumulative total of 
67.3% with GPA dimension 1 contributing 57.4% and GPA dimension 2 contributing 9.9% (Table 
9.3).  The terms correlated with each of the dimensions are summarised in Table 9.3.  For GPA 
dimension 1, terms ‘calm’, ‘relaxed’ and ‘content’, and ‘tense’ were correlated with the low end 
of the axis and ‘agitated’, ‘irritable’, ‘frustrated’, ‘distressed’ and ‘fearful’ with the high end.  
Terms associated with GPA dimension 2 were ‘bored’ and ‘listless’ on the low end of the axis and 
‘lively’ and ‘active’ on the high end of the axis.   
There was a strong correlation between the GPA dimension 1 scores and PC1 (r16=0.99, 
P<0.001).  These two measures also weighted the terms ‘tense/agitated/irritable’ vs. 
‘calm/relaxed/content’ in the same way (Table 9.3).  The GPA dimension 2 scores also correlated 
negatively with PC2 (r16=-0.52, P=0.0196), although GPA dimension 2 correlated more strongly 
with PC3 (r16=0.53, P<0.001) and also weighted the terms ‘bored/listless’ vs. ‘active’ in the same 
way.  There was no significant correlation with GPA dimension 2 and PC4 (r16=0.189, P=0.4479). 
9.4.2 Free Choice Profiling 
The GPA consensus profile for the FCP group explained 63.49% of the variation in observer 
scoring patterns, which differed significantly from the mean randomised profile (t99 = 17.14, 
P<0.001; Table 9.2).  Two main GPA dimensions explained 65.3% of the variation in scores 
attributed to individual clips of sows; 49.8% of variation in the data was attributed to GPA 
dimension 1 and 15.5% to GPA dimension 2.  The terms correlated with each of the dimensions 
are summarised in Table 9.3.  GPA dimension 1 was characterised by terms such as ‘calm’, 
‘relaxed’ and ‘docile’ on the low end of the axis, and ‘aggressive’, ‘agitated’ and ‘annoyed’ at the 
high end.  GPA dimension 2 (14.5% of the variation) was characterised by terms such as ‘tired’, 
‘lazy’ and ‘sleepy’ on the low end of the axis and ‘alert’, ‘curious’ and ‘excited’ at the high end.  
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GPA dimension 2 was attributed to scores such as ‘lethargic’, ‘tired’ and ‘lazy’ at the low end of 
the axis and ‘antisocial’ at the high end. 
9.4.3 Comparison between FL and FCP scores 
Pearson’s correlation showed a significant positive relationship between the FL and FCP 
scores attributed to the 18 individual video clips on GPA dimension 1 (r16=0.95, P<0.001) and GPA 
dimension 2 (r16=0.50, P=0.034) (Figure 9.1).   
 Discussion 9.5
This study directly compared Fixed List (FL) and Free Choice Profiling (FCP) QBA 
methodologies, where two observer groups (using each method) were tested simultaneously.  
The two methodologies are both effective in measuring the behavioural expression of sows at the 
group level, and are therefore applicable for use in farm welfare assessment.  FCP is a method 
that allows observers to measure the body language of animals in an expressive way using their 
own terms that are meaningful to them but the approach may not necessarily be appropriate for 
on-farm welfare assessment (Wemelsfelder and Millard, 2009).  The advantage of having a FL 
methodology is that it provides a standardised list of behaviour that is representative of an 
animal’s behaviour and can be performed by trained observers.   
There were strong positive correlations between GPA scores attributed to the animal clips 
for FL and FCP observer groups.  There were a number of terms developed by observers using FCP 
that overlapped with the FL terms list, and where these terms were strongly correlated with the 
GPA dimension axes, these appeared in the same ends of the dimension axes as they had for the 
FL observers’ data.   
The FL terms and terms generated in the FCP were similar on GPA dimension 1. This 
dimension demonstrates a valence of mood with ‘calm/relaxed’ vs. ‘agitated’ common to both 
methods.  The lower end of GPA dimension 2 (for both FL and FCP) loaded similarly to the FL 
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loading ‘bored/listless’ and in a similar way to FCP that loaded terms ‘lethargic/tired/lazy’. This 
lower end of the dimension was reflective of energy level.  However, the term ‘anti-social’ scores 
highly on the FCP scale on GPA2 but did not necessarily fit in with the other terms, suggesting that 
the range of behaviour descriptors given to the observers for the FL assessment may not have 
been wide enough to meaningfully describe the full repertoire of behavioural expression that the 
observers were seeing.  This may highlight a weakness in the FL methodology.  The 20 fixed-list 
terms used in this study were designed in conjunction with pig experts and on the basis of a 
previous QBA study (Wemelsfelder and Millard, 2009), and were designed to identify a range of 
behaviour.  When observers generate their own descriptive terms it is important to provide them 
with a wide range of footage/experiences for the term generation training; even so, an observer 
may not generate terms that they may later need to capture particular aspects of behaviour 
during the quantification session.   
A perceived issue with FL assessments is that observers given the descriptive terms may not 
interpret each term with the same meaning as the next person.  The training session is important 
to adequately discuss and refine a person’s perception of the terms to ensure that they are using 
the descriptive terms in the same manner. The quality of the training method as well as the 
quality of the training/term generation footage may also impact on how the observers preform. 
Wemelsfelder et al. (2009a) initially reported poor agreement for terms, and therefore re-ran 
their assessment using different video footage; this subsequently improved the inter-observer 
reliability.  The potential for discrepancy in scoring behaviour for the FL observers is best avoided 
by checking the inter-reliability during the training session and addressing any discrepancies 
accordingly by ensuring that all observers understand the terms (Wemelsfelder et al., 2009a).  
Despite these differences, the positive correlations between the scoring behaviour for the FL and 
FCP groups suggested that observers use the scoring scale in the same way regardless of if they 
were provided with terms or they were allowed to generate their own.  
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There was significant inter-observer reliability (‘consensus’) for both FL and FCP groups, 
where the observer scores for each of the clips accounted for 71.14% and 63.49%, respectively. 
The consensus is the degree of agreement between the observers, i.e. it describes how an 
observer’s score compared to the other observers in the group. However GPA is not commonly 
used for data analysis in the FL methodology. Instead, the common method of analysing fixed list 
scores is to use PCA, which serves to reduce the number of variables down to common 
dimensions without losing strength (Meagher, 2009).  In this case we performed both a GPA and a 
PCA on the same data to compare the outcomes of these analyses.  The GPA approach does not 
assume that the scores for each descriptive term have the same scale or range, and will seek to 
find the common elements of the scores.  PCA, on the other hand, does require that the data are 
measured on the same scales.  GPA dimension 1 and PC1 were significantly correlated and 
weighted the same terms in the same way (i.e. ‘calm/relaxed/content’ vs. 
‘tense/agitated/irritable’).  However the PCA identified four significant factors compared to the 
two GPA dimensions, and there was some ambiguity in the relationship between GPA dimension 
2 and the PC factors.  The strongest relationship was not between GPA dimension 2 and PC2, 
rather between GPA dimension 2 and PC3, which also shared terms weighted in the same way 
(i.e. ‘bored/listless’ vs. ‘active’).  The unusual, unbalanced weighting of the PC2 result suggests 
that it is somewhat of a meaningless dimension, however the exact cause of the PC2 being 
unevenly weighted is difficult to determine.  Further analysis of the animal lots did not indicate 
clustering along the scale and therefore not appear to the result of a real animal effect.  This 
anomaly is therefore likely to be the result of an observer scaling artefact.  This uneven weighting 
implies that PC2 does not add any power to the analysis.  PCA does not correct for scaling 
differences between the observers the way that GPA does, therefore it may be suggested that in 
this case, GPA is a more powerful analysis as corrects for whatever the anomaly is that PCA is 
detecting.  However, we note that two qualitative behavioural dimensions is already a powerful 
description of animal expression, and the capture of further ‘smaller’ dimensions may not usefully 
add to discourse regarding their behaviour. 
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The Kendall’s coefficient of concordance performed on the FL observer scores produced W 
values that were all significant at P<0.001. The FL observer group used the terms in a similar 
pattern, however there was a spread in the reliability of the terms.  Terms that were scored most 
consistently among the observers were ‘happy’, ‘enjoying’, ‘aimless’, ‘indifferent’, ‘bored’, 
‘fearful’ and ‘frustrated’ which all had W values >0.5.  There was only one term that had the W 
<0.40, that being ‘sociable’.  The ways terms are scored should generally improve with greater 
understanding of the meaning of the word (i.e. the definition) for individual observers.  Bokkers et 
al. (2012) reported large intra-observer variation.  However, further analysis of the data 
presented in Bokkers et al. (2012) actually suggests that if the same observer group scored the 
terms low in the first session, then they also scored them low in the second session.  Similarly, 
those observers that scored terms highly for session 1 also scored highly for session 2.  The 
Kendall’s W doubled for the terms ‘content’, ‘distressed’ and ‘positively occupied’ from the first 
session to the second session for the same experienced observer group.  This suggests that there 
was actually an improvement in intra-observer reliability for the experienced observers, again 
highlighting the importance of thorough and consistent training of observers.  For training 
consistency to be tested fully it would be advantageous for the footage used by Bokkers et al. 
(2012) to be scored again by the same group of observers. 
Several prior investigations using FL have also reported significant inter-observer reliability 
in sheep (Phythian et al., 2013) dairy cattle (Andreasen et al., 2013), pigs (Wemelsfelder and 
Millard, 2009) and cattle (Sant’Anna and Paranhos da Costa, 2013).  Conversely, Bokkers et al. 
(2012) reported low inter-observer reliability between trained and inexperienced observers 
looking at dairy cattle behaviour. When directly comparing our Kendall’s W with those of Bokkers 
el al. (2012) and Wemelsfelder and Millard (2009), our results showed similar average Kendall’s W 
values. This suggests that it is not the terms themselves that affect the reliability of the FL 
methodology, rather it is the observers.  This may highlight the importance of consistent and high 
quality training of observers.  It is difficult to account for such a difference in the results, but one 
contributing factor may have to so with the type of statistic performed.  Wemelsfelder et al. 
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(2009a) also showed a lack of agreement for separate descriptors using Kendall’s W but were able 
to account this for lack of agreement by performing a Principle Components Analysis (PCA) and 
hence identifying commonality in observer scoring behaviours. It appears that welfare may not be 
reflected by single terms on their own, rather identifying the common scoring patterns and 
relationships (Wemelsfelder et al., 2009a) and identifying observer consensus with a GPA or PCA. 
Indeed, QBA itself is about identifying and describing dynamic patterns, rather than simply 
functioning in terms of its individual descriptors. There is also evidence of consensus with the use 
of FCP in pigs (Wemelsfelder et al., 2001; Rutherford et al., 2012; Wemelsfelder et al., 2012) cattle 
(Stockman et al., 2011), dairy cattle (Rousing and Wemelsfelder, 2006), horses and ponies 
(Fleming et al., 2013; Minero et al. 2009; Napolitano et al., 2008), and buffalo (Napolitano et al., 
2012). 
Differences between FCP and FL may account for differences in the outcomes for previous 
studies.  A recent study by Duijvesteijn et al. (2014) reported that (using FL) pig farmers observed 
the behaviour of pigs in a more positive way compared to animal scientists and urban citizens 
(Duijvesteijn et al. 2014).  This finding was in contrast to Wemelsfelder et al. (2012), who 
demonstrated consistency and agreement in how pig farmers, veterinarians and animal activists 
scored pig behaviour.  However Duijvesteijn et al. (2014) used a FL methodology (and the same 
terms as the present study) while Wemelsfelder et al. (2012) used FCP.  Duijvesteijn et al. (2014) 
accounts for the different results by suggesting that since the observers in Wemelsfelder et al. 
(2012) were able to use their own descriptive terms that only the ranks of the videos could be 
compared rather than comparing levels between groups of observers.  This is untrue, as the very 
nature of the GPA statistical test is one that detects the level of consensus between observers 
without needing a fixed reference point (terms) but relies on the basis of inter-sample distances 
specified by each observer (how the terms are used by their observer to score the pigs) in order 
to develop a consensus profile (Wemelsfelder et al., 2001).  In addition, Wemelsfelder et al. 
(2012) did report a small observer effect on GPA dimension 2 but not on GPA dimension 1, a 
result overlooked by Duijvesteijn et al. (2014).  As with the present study, both Wemelsfelder et 
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al. (2012) and Duijvesteijn et al. (2014) demonstrate strengths and weaknesses with regard to FL 
and FCP scoring methodology.   
 Conclusion 9.6
The results of this study showed significant inter-observer consensus for both FL and FCP 
groups.  There were also strong correlations in scores attributed to group-housed sows between 
these two approaches. This study also highlights the importance of training QBA observers in a 
consistent way.   
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 Tables and Figures  9.8
Table 9.1: Summary of the fixed list method results, comparing absolute values for observer scores on the 20 terms (Kendall’s; *** p<0.001), a 
Principle Components Analysis (PCA) of the raw scores, and a Generalised Procrustes Analysis (GPA) of these data.  Highlighted cells are those terms 
that strongly loaded on each behavioural dimension (>75% of the highest absolute correlation coefficient value) 
Descriptive term Absolute values for observer scores Principle Components Analysis Generalised Procrustes Analysis 
 Average ±SD Kendall's W  PC Factor 1 PC Factor 2 PC Factor 3 PC Factor 4 GPA1 GPA2 
Active 39.18 25.43 0.46 *** 0.33 -0.45 0.53 0.31 0.51 0.39 
Agitated 23.68 24.13 0.40 *** 0.88 -0.21 0.11 -0.12 0.81 -0.06 
Aimless 38.24 25.89 0.53 *** 0.03 -0.45 -0.68 0.18 -0.19 -0.21 
Bored 36.19 24.61 0.51 *** 0.25 -0.39 -0.70 0.21 0.09 -0.35 
Calm 59.97 25.17 0.45 *** -0.84 -0.34 -0.17 -0.11 -0.82 -0.01 
Content 59.13 24.31 0.46 *** -0.78 -0.41 -0.04 -0.21 -0.70 0.12 
Distressed 16.10 21.01 0.47 *** 0.84 -0.28 0.00 -0.20 0.73 -0.14 
Enjoying 44.97 23.33 0.55 *** -0.62 -0.43 0.31 -0.33 -0.47 0.22 
Fearful 14.92 17.53 0.53 *** 0.82 -0.26 -0.01 -0.20 0.69 -0.10 
Frustrated 18.49 22.47 0.51 *** 0.85 -0.26 -0.02 -0.23 0.76 -0.18 
Happy 39.89 25.86 0.64 *** -0.58 -0.51 0.29 -0.32 -0.50 0.22 
Indifferent 40.43 26.02 0.54 *** -0.09 -0.55 -0.60 0.06 -0.19 -0.24 
Irritable 20.48 24.68 0.41 *** 0.87 -0.31 0.02 -0.20 0.79 -0.12 
Listless 28.65 25.07 0.46 *** 0.03 -0.41 -0.69 0.02 -0.10 -0.33 
Lively 31.31 22.85 0.40 *** 0.22 -0.63 0.46 0.15 0.25 0.41 
Playful 20.13 17.51 0.43 *** 0.00 -0.63 0.26 0.41 0.08 0.18 
Positively_occupied 44.43 27.46 0.46 *** -0.39 -0.53 0.19 -0.21 -0.38 0.20 
Relaxed 55.03 26.26 0.41 *** -0.80 -0.30 -0.13 -0.20 -0.71 -0.04 
Sociable 40.91 22.87 0.37 *** -0.20 -0.48 0.42 0.42 -0.16 0.27 
Tense 22.52 25.45 0.46 *** 0.89 -0.25 0.03 -0.20 0.84 -0.10 
Eigenvalue    7.52 3.58 2.81 1.13 
  % total variance    37.58 17.89 14.03 5.64 57.4 9.9 
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Table 9.2: Summary of the results for the Generalised Procrustes Analyses (GPA) for Fixed List (FL) 
and Free Choice Profiling (FCP) methods of Qualitative Behavioural Assessment (QBA).  Numbers 
in brackets indicates are the number of participants in each observer group. 
 Method 
 Fixed list (n=17) FCP (n=9) 
% Variation explained by all GPA 
consensus 
71.14 63.49% 
t test results 48.33*** 17.14 *** 
% Variation explained by GPA1 57.4 49.8 
% Variation explained by GPA2 9.9 15.5 
*** P<0.001. 
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Table 9.4: Terms used by two groups of observers to describe behavioural expression of sows filmed under group housing. Terms shown have the highest 
correlation with each end of each behavioural dimension axis. Terms that correlate strongly with the Generalised Procrustes Analysis (GPA) consensus dimensions 
(>75% of the highest absolute correlation coefficient value) are listed and term order is determined firstly by the number of observers to use each term (in 
brackets if > than 1), and secondly by weighting of each term (i.e. correlation with the GPA dimension).  The last column shows a summary comparison between 
the Fixed List (FL) and Free Choice Profiling (FCP) methods for each dimension.   
 
Observer 
group  
 Dimension (% of 
variation explained) 
minimum correlation 
Low Values High values Correlation 
between FL GPA 
and PC (r) 
P value 
Free choice 
profiling 
GPA1 (49.8%) r>0.6 Calm (7), relaxed (6), docile, 
quiet, stagnant, chilled 
Aggressive (8), agitated (7), annoyed, 
angry, aggravated, irritated, forceful, 
grumpy, energetic, competitive, 
dominant, defensive, active, tense, 
hostile, sore 
  
Fixed list GPA1  (57.4%) r>0.6 Calm, relaxed, content  tense, agitated, Irritable, frustrated, 
distressed, fearful 
  
 PCA Factor 1 Calm, relaxed, content Tense, agitated, irritable, frustrated, 
distressed, fearful 
0.9870 <0.001 
Free choice 
profiling 
GPA2 (15.5%) r>0.5ǀ Lethargic (3), tired (3), sleepy (3), 
lazy (2), un-stimulated, interested 
Antisocial   
Fixed list GPA2 (9.9%) r>0.3 Bored, listless Lively, active   
 PCA Factor 2 Lively, Playful, Indifferent, 
Positively occupied, Happy, 
Sociable 
- -0.5178 0.0196 
 PCA Factor 3 Bored, Listless, Aimless, 
Indifferent 
Active 0.8840 <0.001 
 PCA Factor 4 Enjoying, Happy Sociable, Playful 0.1799 NS 
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Figure 9.1: Comparison between Free Choice Profiling and Fixed List methods for Generalised 
Procrustes Analysis (GPA) dimensions 1 and 2.  Values are the GPA scores attributed to individual 
video clips (n=18) for the two observer groups. 
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10 General Discussion 
Approximately 65% of Australia’s sow herd are now group-housed for at least 90% of their 
pregnancy (APL Annual Report 2014).  Arguably the call for change on welfare grounds has 
transformed the attitudes of many Australian growers, with many becoming more open about 
their practices, actively engaging consumers, and aiming for better welfare practice.  Part of this 
transparency and willingness to make changes may also be attributed to several on-going ‘animal 
liberation’ campaigns that have resulted in the illegal raiding of hundreds of pig farms around 
Australia.  Incriminating footage of Australian pig farms is now readily available on the internet 
and has led to consumers asking, “How is my pork produced and how can I verify this?” (APL 
Annual Report 2014).  Thus there is much demand to develop measures of welfare that may be 
incorporated into welfare benchmarking schemes on a farm, local, and national level in order to 
improve the animal’s quality of life throughout the pig supply chain. 
Measuring the welfare of commercially reared animals remains a considerable challenge to 
the Australian pig industry.  Different welfare measurements are applied to sows in group housing 
but not all are applicable in a working farm context; growers are unlikely to take a saliva swab to 
monitor cortisol concentrations in their sows.  However, good stock people are equipped with 
skills that interpret the behaviour, and the atmosphere or mood of the sows.  Qualitative 
Behavioural Assessment (QBA) is an objective measure harnessing such skills. Throughout this 
thesis, I have demonstrated that QBA has shown to be a useful tool in detecting changes in 
behaviour over time, making it an applicable measure in welfare benchmarking schemes in 
collaboration with other measures (e.g. scoring lameness, injury sore, scratches, tail or vulva 
bites), and productivity parameters. QBA is an ‘easy-to-understand’, non-invasive, fast, and above 
all, scientifically robust assessment of sow’s welfare.  This measure has not been previously 
applied to sows in the context of an Australian commercial setting.  All studies in this thesis were 
designed in consultation with producers in order to address issues that are commercially relevant. 
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QBA is currently part of the Welfare Quality (WQ) scheme and is a European Union-funded 
project, which includes 12 multi-disciplinary approaches to the development of historic and 
reliable approaches to the assessment of pigs, chickens and cattle (Blokhuis et al., 2013).  As well 
as aiming to improve animal welfare, husbandry and slaughter techniques, WQ encourages 
communication between farmers and researchers to improve welfare in a practical and applicable 
way.  QBA has been included as part of the WQ protocol because of its ability to evaluate the 
‘quality of life’ of an animal and is currently the only measure of positive welfare states.  Australia 
has yet to develop a protocol like WQ to monitor and improve the welfare of pigs.  However, the 
successful uptake of the WQ scheme throughout the EU demonstrated that a similar scheme 
would be suitable here in Australia.    
If QBA were to be adopted into such a scheme, the fixed-list methodology would be most 
appropriate, as it would allow a standardised list of terms that all participants could score against, 
as discussed in Chapter 9.  Wemelsfelder and Millard (2009) suggest that free-choice profiling, the 
method used by previous QBA studies, would not be appropriate for on-farm assessment.  
Chapter 9 compares and contrasts QBA methodology.  Future investigation into the applicability 
of the terms used in the Welfare Quality fixed-list to Australian farms is warranted.  A survey of 
Australian quality assurance personnel, veterinarians and stock people may identify different 
terms than those used in WQ which are more relevant to Australians, thus making the measure 
more robust in a local context.  It is possible that since terms hold a different meaning to 
individual people, that terms may weight differently in relevance between also.   
Despite successfully applying QBA to sows in commercial settings, there were several 
challenges associated with conducting this research on a working farm.  It is a reality of 
commercial farm life that animals may be moved from one pen to another during their gestation 
period, resulting in a disruption to experimental procedures.  This also resulted in a reduction in 
the number of groups that could be followed through their gestation period over time, not 
allowing us to capture a consistent number of groups over treatments.  The nature of the 
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recording system at the piggeries where this research was conducted was such that it was not 
possible to track individual sows through groups or identify which sows had been housed 
together previously.  Sow familiarity is an important consideration as Jensen and Yngvesson 
(1998) reported that sows that were pre-exposed to each other spent less time in initial conflict 
compared to unfamiliar sows.  In future, identifying the level of familiarity between sows may in 
part explain some aggression but also aid in group management.   
Throughout the experimental process, it became apparent that some footage collected for 
quantitative and qualitative assessments was more suitable than others.  A challenge that arose 
from filming overnight under commercial conditions was maintaining an appropriate level of 
lighting that allowed the camera to capture clear footage.  Grainy or pixelated footage detracted 
from observers being able to clearly see movement as well as facial expression and subtlest of 
body language.  Additional lighting was therefore installed (in Chapter 7) over the entrance to 
capture activity in low light intensity with the aim of improving the clarity of the sows in the 
vision.  In future, harnessing specialised night-vision technology would be advantageous in order 
to produce better quality vision from low-light video footage. In addition, a study comparing ‘poor 
quality’ (dark) video footage, ‘good quality’ (light) footage and/or ‘real-life’ (on farm) assessments 
would be valuable.  Since much of the footage captured in animal activist raids is grainy and taken 
at night, it would be relevant to determine if this evokes a different response in the way that an 
animals behavioural expression is scored using QBA.  
Where a single animal is being analysed (e.g. Chapter 4), footage where the whole animal 
was in view was important.  This allows a clear, continuous view of activity.  Moreover, since QBA 
measuring the subtleties and complexity of body language, the whole body contributes to their 
behavioural expression.  For example, a wagging tail, relaxed ears and investigation of another pig 
would be considered social, but pricked ears and a stiffened body while nosing another pig may 
be considered aggressive.  Conversely where groups of sows were being assessed, it was 
important to get as many individuals in shot as possible, so that a broad range of behavioural 
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expression could be identified and scored.  Group behaviour is not simply a sum of individuals 
acting independently of each other.  At any point in time, there may be sows lying, some 
investigating, standing, and animals react to each other and, the atmosphere of a group may be 
tense or relaxed.  As reported in Chapter 6 QBA was able to identify the complexity and diversity 
of group dynamics.  
Looking to the future of welfare assessment of group housed sows, group management 
support systems such as remote recording and behaviour modelling may be useful in monitoring 
and identifying early warning signs of aggressive behaviour in pigs.  Oczac et al. (2013) was able to 
differentiate between interactions that would lead to biting behaviour in growing pigs compared 
to interactions that would not, via the use of automatic video recording.  With the interest in the 
way animals are kept in intensive systems being a driving factor in consumer buying behaviour 
and ultimately driving the success of an industry, the Australian pig industry, in its state of change, 
is the perfect industry to implement an integrative approach to on-farm welfare assessment 
including modelling technologies, animal based assessment (including QBA) and health related 
monitoring.   
This thesis has investigated the dynamic and complex nature of behaviour of group housed 
sows.  I have used traditional time-budget analysis coupled with QBA to investigate sow 
behaviour over short (1 hour) and long (7 weeks) periods of time.  QBA has shown to be a 
powerful tool in the assessment of the behavioural expression of sows over time and in different 
group housing settings, which ultimately gives an indication of their welfare status.  As with the 
WQ protocol, QBA has a place in Australian welfare benchmarking protocol.  In future studies, it 
would be advantageous to implement group social dynamics e.g. social hierarchy, ESF feeder 
data, or comparing stable vs. dynamic groups.  With group housing designs, management 
techniques and strategies varying from farm-to-farm, the potential experimental designs that 
could implement QBA are infinite.   
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11 Appendices 
 Appendix 1: An example of the Coles supermarket ‘Sow Stall Free’ Campaign. 11.1
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 Appendix 2: Australian Pork Limited media release 11th April, 2012. 11.2
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 Appendix 3: Information booklet given to observers participating in QBA session. 11.3
 
Thank you for volunteering! 
Qualitative Behavioural Assessment - some background. 
This study is on Qualitative Behavioural Assessment (QBA) of sows. This is a 
behavioural measure based on measuring the behavioural expression of animals. 
Basically that means that we are measuring the body language of animals and using this 
measurement as a reflection of their welfare. We are using Free Choice Profiling 
methodology, which allows observers (that’s you) to have free rein over what words they 
use to describe the behaviour of the animal. In previous studies, this method has been 
validated as a reliable method for the assessment of an animal’s welfare status. Basically 
we can use this as a reflection of the quality of life of the animal we are assessing.  
QBA is a quick and non-invasive method of welfare assessment.  
Your Instructions 
The first part of the QBA process is a TERM GENERATION session. This is where 
you view film clips of pigs in their environment and use whatever words come to your mind 
to describe the behaviour of the animal. You can use as many or as few words as you 
like.  
We are looking not for WHAT the animals is doing, rather HOW the animal is doing 
it.  For example, is the animal calm/sleepy/bored or is the animal tense/alert/frightened? In 
addtion, you are going to be viewing GROUPS of animals.  
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Here is a pictorial example: 
 
Vs. 
 
 
 
After the first term generation session, we will provide you with a list of your terms 
for the next sessions.  
In each of the following sessions, we will show you a new set of footage and give 
you a scale that looks like this:  
 
Term   min                                                                 max 
 
We will then ask you to score where on the scale how you think the animal is 
behaving. You can mark where you think each individual lies along this continuum by 
placing a mark accordingly. 
While watching the videos: 
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 Please make sure the sound on your computer is OFF.  
 Watch the whole video; please try to refrain from writing or scoring while the clip is 
playing. Take your time! 
 For the “term generation” footage you will have to pause it after each clip if you 
have not finished writing down your descriptive words. 
 For the rest of the sessions you have 5 seconds when the “score now” clip comes 
up. Feel free to pause it if you need longer.   
 
My Responsibilities 
As an investigator, I have a responsibility to the people participating in this study to 
keep your identity anonymous. You will not be identified to any third parties (unless 
required by law). This is why you will be assigned a unique participant code that will be 
created when you undertake the questionnaire.   
I cannot tell you what the experimental treatments are, as this would bias the 
results.  I also have obligations to the owners of the piggery not to disclose its location or 
the name of the piggery that this footage was collected from. 
Please be advised that you are free to withdraw from the study at any time.  
We also understand that your time is valuable and you will be compensated for you 
time in the form of Coles gift vouchers (and chocolate at each of the sessions). You will 
receive $10 for each of the sessions that you attend and this will be tallied up and issued 
at the completion of the sessions. You will get the voucher upon completion of ALL of the 
sessions. If you withdraw then you will forfeit your vouchers.  
We would also like to inform you that you are able to access a free counselling 
service and/or debrief in relation to viewing footage and/or participating in the 
questionnaire. 
Thanks you again for volunteering to participate in this study.  
If you have any questions, queries or comments do not hesitate to contact me.  
 
Happy viewing! 
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 Appendix 4: Certificate for the 2011 Murdoch University Postgraduate Poster Day ‘Impact 11.4
on Industry” prize.   
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 Appendix 5: Poster presented at the 2013 School of Veterinary and Life Science Post 11.5
Graduate Poster Day, where it was awarded 2nd prize for “Research In The Pig Industry”. 
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 Appendix 6: Poster presented at the 6th International Conference on the Awssessment of 11.6
Animal Welfare at Farm and Group Level. Clermont Ferrand, France September 2014.   
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 Appendix 7: Article written for the Department of Agriculture and Food of Western 11.7
Australia ‘Pig-Tails’ (industry extension newsletter), Issue 85, December 2011.  
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 Appendix 8: Abstract submitted to Manipulating Pig Production XIV and Presented at the 11.8
Australiasian Pig Science Association conference. Melbourne, November 2013. 
 
  171 
 Appendix 9: Article written for the Department of Agriculture and Food of Western 11.9
Australia ‘Pig-Tails’ (industry extension newsletter), Issue 94, July 2014.  
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 Appendix 10: Abstract submitted to the 6th International Conference on the Awssessment 11.10
of Animal Welfare at Farm and Group Level. Clermont Ferrand, France September 2014. 
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